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Ve! bourne. 


“And if amongst these examples, I may adde one of a brother 


of mine, called Captaine Saint 


Martin, a man of three and 


twentie yeares of age, who had alreadie given good testimonie 
of his worth and forward valour, playing at tennis, received a 
blow with a ball, that hit him a little above the right eare, 
without apparance of any contusion, bruse, or hurt, and never 
sitting or resting upon it, died within six houres after of an 
Apoplexie, which the blow of the ball caused in him,” 


INTRODUCTION. 


ACOBSON (1885) long ago recorded, in 

a long and detailed article, the results 
of a careful study of the clinical picture 
following the accumulation of blood in the 
extra-dural space. However, the mortality 
following extra-dural haemorrhage continues 
to be surprisingly high, when one considers 
some of the results of surgery during the 
past ten years. If to these are added those 
cases seen at autopsy, in which craniotomy 
was not performed, the death rate is very 


high indeed. 


The paramount cause of death is late 
intervention, although other causes include 
missed diagnosis, extra-dural haematoma in 
an unusual site and re-accumulation of 
blood following operation. This is exclud- 
ing, of course, cases which are hopeless 
from the start because of serious brain 
damage. 

ANATOMY. 


The middle meningeal artery enters the 
skull via the foramen spinosum, passes 
laterally across the middle cranial fossa 
to divide into anterior and__ posterior 
branches. The branches are accompanied 
by the meningeal venous sinuses. The 


3 


(Florio’s Translation) 


Montaigne’s “Essayes” 


page 76. 


larger anterior branch passes upwards along 
the greater wing of the sphenoid where it 


may be enclosed in a bony canal. A frac- 
ture in this region is likely to injure the 
The posterior branch passes pos- 
teriorly from the greater wing of the 
sphenoid across the squamous temporal 
bone to the inner aspect of the parietal 
bone. There have been a number of reports 
on the middle meningeal vessels and their 
relationships to the cranium. Among these 
may be quoted Jacobson (1885), Plummer 
(1896), Steiner (1894), Wood Jones 
(1912), Latarjet (1919), Vance (1927), 
Saito (1927), Wakeley (1933), and Verb- 
rugghen (1937). 


Studies in the foetus and new-born were 
carried out by Latarjet (1919) and Saito 
(1927). Latarjet noted two main _ types 
depending on either an early or a late 
division of the artery. He described three 
main branches and found that the anterior 
division, unlike that in the adult, lies 
anterior to the coronal suture. 


vessel. 


The squamous temporal bone is thin and 
easily fractured. The dura mater is a thick 
resistant membrane carrying on its outer 
surface the ramifications of the meningeal 
vessels. Over the temporo-parietal region 
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it is well vascularized but the frontal and 
occipito-parietal areas have a poor blood 
supply. The dura mater of the frontal 
region is supplied by branches of the 
anterior and posterior ethmoidal arteries in 
addition to branches from the anterior 
division of the middle meningeal artery. 
The arterial supply to the dura mater of the 
posterior cranial fossa is derived from the 
ascending pharyngeal, occipital and verte- 
bral arteries. 


There is a rather firm adhesion between 
the dura mater and the bone particularly 
over the base of the skull. The strength of 
the dural attachment to the vault is variable 
and decreases with age. In infants the 
dural attachment is so firm, particularly at 
the margins of bones, as to make extra- 
dural haemorrhage unlikely or to limit it 
to the area of one bone (Tillaux, 1877: 
Latarjet, 1919; Ballance and Ballance, 


1922; Wakeley, 1933). Wakeley points out 
that before puberty the inner table of the 
skull is not fully formed and consequently 
the vessels are not enclosed in any part in 
bony canals. There is thus less likelihood 


of damage to these vessels before puberty. 


The ease with which the dura may be 
stripped from the skull varies from indivi- 
dual to individual. In fact, the dura is so 
difficult to strip from the bone in some 
cases as to give the impression that some 
subjects would be almost immune to a 
collection of blood in the extra-dural space. 


It is necessary to describe the anatomy 
in the region of the tentorial gap because 
of the frequent occurrence of abnormal 
herniation of the uncus into the gap with 
associated disturbances of anatomical re- 
lations. 


The tentorial gap is bounded on either 
side by the free edge of the tentorium 
cerebelli, posteriorly by the midbrain and 
anteriorly by the dorsum sellae. The oculo- 
motor nerve arising as it does, from the 
medial aspect of the cerebral peduncle in 
the oculomotor sulcus must traverse this 
gap to eventually gain entry into the 
cavernous sinus. Near its attachment to 
the brain stem, the nerve is crossed at 
approximately a right angle by the pos- 
terior cerebral artery which lies superior 
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to it, and by the superior cerebellar arte :y 
which lies inferior to it. The poste: 
communicating artery is aligned along 
superior aspect of the nerve as it traver-e 
the gap. In Fig. I the tentorial gap is sce 
from above—the cerebral hemispheres h 
been removed by cutting across the mid. 


FIG. I. The base of the skull, viewed fron 
above, in the region about the pituitary foss 
the cavernous sinus and the tentorial notch 
The manner in which the third nerve crosse 
the tentorial gap and is related to the po: 
terior cerebral artery, the posterior communi- 
eating artery and the roof of the cavernou 
sinus is shown. 


THE Source OF HAEMORRHAGE. 

Bleeding of clinical importance may 
occur from the middle meningeal ve-sels 
—the arteries, the accompanying vein- or 
both; the anterior meningeal branche- of 
the ethmoidal arteries; the posterior mcnin- 
geal branches of the ascending pharny:eal, 
occipital and vertebral arteries or ‘rom 
the large dural sinuses. 


Wood Jones (1912) made a 
autopsy study of three cases in whicli the 
source of the bleeding was from the middle 
meningeal venous sinuses in whicli he 
found multiple tears. He noted how easy 


careful 
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it was to tear these sinuses when stripping 
the dura from the skull in normal subjects. 
He pointed out that the artery, which may 
be in a sinus or between two sinuses, is 
a small constituent of a much wider vas- 
cular channel, the bulk of which is 
posed of the meningeal venous sinuse:. 


com- 


\iost authorities agree that the source 
of the haemorrhage is generally from the 
middle meningeal artery although the 
accompanying veins may be involved. The 
breach in the arterial wall may be in the 
main trunk, the main anterior or posterior 
division or in smaller branches. Small 
branches are frequently involved. In some 
cases no definite branches can be identified 
but there is widespread oozing over the dura. 


Gordy (1948) discusses the importance 
of bleeding from the arteries supplying the 
dura mater of the anterior and _ posterior 
fossae as distinct from the usual 
lesion of the middle meningeal arteries. 
He considers that an extra-dural clot form- 
ing anterior to the frontal lobe is due to 
a laceration of an anterior meningeal 
branch of an ethmoidal artery. 


cranial 


That the large dural venous sinuses are 
an important but rare source of haemorr- 
hage has long been known. In this regard 
the following may be quoted :— 


(1885), Gan- 
LeCount and 
(1927), Carter 


Verbrugghen 


Erichsen (1878), Jacobson 
golphe and Piery (1899), 
Apfelbach (1920), Vance 
(1932), Goode (1936), 
(1937), Ellis (1938), McKenzie (1938), 
Short and Dunster (1940), Voris (1940), 
Coleman and Thomson (1941), Munro and 
Maltby (1941), Reichert and Morrissey 
(1941), Kessel (1942), Gurdjian and 
Webster (1942), Wharton (1901), Turnbull 
(1944), Lewin (1949), Gordy (1948), 
Herren and Zeller (1950). 


Mope oF PropucTION oF HAEMORRHAGE. 


|. Lesion of meningeal vessels. 

This may be caused by a linear or de- 
pressed fracture crossing the vessels or, as 
illustrated by Bell (1888), due to the 
liftine of dura mater from the bone follow- 
ing a blow on the skull. 


In either case as the dura mater is 
stripped from the bone, more and more 
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small vessels are torn with a subsequent 
increase in bleeding. 


2. Lesion of large dural venous sinuses. 


The wall of the sinus is torn due to a 
fracture which may or may not be depressed. 


A spicule of bone may penetrate the 
superior sagittal sinus or the transverse 
sinus may be torn by a fracture of the 
occipital bone usually extending to the 
foramen magnum. 


An interesting series of cases was pre- 
sented by Ganglophe and Piery (1899). 


THE SITUATION OF THE CLOT. 


It is important to realize that the clot 
may be found in other sites than those 
which would be revealed by the usual 
temporal approach. 


The clot may be found:— 

(a) Over the supero-lateral surface of 
the hemisphere. 

(b) Over the 
extending 
McKenzie 
Anterior or inferior to the frontal 
pole, Jefferson (1921), Gordy 
(1948), Gross and Savitsky (1942), 
Lewin (1949), Briesen (1940), Le- 
Count and Apfelbach (1920), Vance 
(1927). 

In the posterior fossa, Gangolphe 
and Piery (1899). 

Bilaterally over. the cerebral hemis- 
pheres, Hill (1772); LeCount and 
Apfelbach (1920), Charlton (1930). 
Basilar haematoma in the middle 
cranial fossa, Guillaume and Pecker 


(1951). 


cerebral hemisphere and 
into the posterior fossa, 
(1938). 


Case MATERIAL. 


The case histories of patients admitted to 
two hospitals during the past ten years 
were examined. There were 27 cases, 10 


of these were personal cases operated on at 


the Alfred Hospital during the past two 
years. The behaviour of the pupils and 


extra-ocular muscles were studied both pre- 


and post-operatively in some of these cases 
and the results have been included in a 
separate paper (Sunderland and Bradley, 
1952). 
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In addition, a detailed post-mortem 
examination was made in 4 cases. 


AGE. 


The ages ranged from 9 months to 45 
years. In this series of 27 cases there were 
& patients below the age of 15 years. 


This is interesting because extra-dural 
haemorrhage is usually regarded as very 
rare in infants and children. 


Goode (1936) reported an extra-dural 
haemorrhage in a child aged 13 months. 
He could find only one other case so young 
in the literature. 


Lefkovitz (1936) discusses extra-dural 
haemorrhage due to birth trauma. He states 
that this may occur without fracture but 
will not produce compression as readily as 
in adults. 

Cases in infancy are reported by Jacob- 
son (1885), Beck (1877), Wakeley and 
Lyle (1934), Verbrugghen (1937). and 
Lanigan (1942). 


It is to be expected that extra-dural 


haemorrhage would be rare in infancy be- 
cause the bone is elastic and is more likely 
to bend than break, the meningeal vessels 
are not imbedded in the bone and the dura 
mater is firmly adherent. Each bone may be 
regarded as being enclosed in a sac formed 
of pericranium and dura mater continuous 


with each other at the sutures (Bell, 1888: 


Tillaux, 1877). 


In one case seen recently a boy suffered 
a depressed fracture of the skull with bleed- 
ing from the middle meningeal artery but 
experienced little discomfort because the 
haematoma which was very large formed 
outside the bone beneath the galea aponeuro- 
tica. 


Haematoma formation of this type 
was described by Boudou (1743) in a boy 
with a fractured parietal bone—this case 
was complicated by an associated sub- 
dural haemorrhage which incidentally was 
correctly diagnosed. 


Mor TALiry. 


There were 15 deaths out of 27 cases 
submitted to craniotomy, i.e., 56 per cent. 
mortality. 
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PATHOLOGICAL ANATOMY. 


Following the accumulation of blood in 
the extra-dural space, the cortex of the 
cerebrum becomes depressed and_ flattered. 
The area of flattening may be large and in 
a typical case measured 9 cm. in an antero. 
posterior direction and 7 cm. in a line at 
right angles to this. 


The consequences of a breach in 
continuity of the middle meningeal vase. la: 
system depends on a number of factors 
The diameter of the vessel, the pressure in 
it and the ease with which the dura mute; 
strips from the skull must all be factors. 
Again a rapid accumulation of blood in the 
extra-dural space will have graver couse. 
quences than a slow one. 


In many cases bleeding probably com. 
mences immediately after injury, in others 
it is delayed, whilst in some it is_ inter- 
mitteni. 


Many examples can be cited of how 
nervous tissue behaves when deformed at 
varying rates. A certain degree of defor- 
mation if produced over a long period may 
not cause any disturbances of function 
whereas the same change if produced rapidly 
is likely to result in a marked interference 
with function. 


In this regard one may compare 2 cases 
in which comparable extra-dural clots have 
formed—in the one rapidly and the othe: 
slowly. In the former, one is likely to see 
a rapid onset of coma, hemiparesis, pupil- 
lary changes, paralysis of ocular muscles, 
eic., whilst in the latter, there may be very 
little to find apart from slight paresis of 
the contra-lateral limbs. (See Case histories 
| and 3.) 


The blood clot forms usually an oval 
plaque about 2 to 3 cms. thick in_ the 
centre, tapering to a thin edge round the 
periphery. The colour of the clot varies 
and probably depends on the _ relative 
amounts of arterial and venous blood which 
went to form it. The clot may be laminated 
indicating successive episodes of blee:ing. 


The cerebral hemisphere becomes «on- 
pressed and displaced towards the opposite 
side and attempts to descend through the 
tentorial notch. The brain stem, b/ood 
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vessels and cranial nerves undergo dis- 
placements of various kinds, so that, not only 
are the structures distorted but abnormal 
anatomical relationships are produced. The 
eniricular system also becomes compressed 


and distorted. 


~s»me of the important changes will be 
listed and later discussed with reference to 
the clinical signs which are manifested. 


Flattening of the cerebral cortex oc- 
curs. the site and area depending on the 
point of origin of the haemorrhage and the 
macnitude of the haematoma. When 
haemorrhage has occurred from the anterior 
division of the middle meningeal artery, 
the area of flattening is centred approxi- 
mately the lateral sulcus and involves 
parietal and tem- 
poral lobes — particularly the inferior 
portion of the pre-central gyrus, the 
ferior portion of the post-central gyrus and 
the anterior portion of the superior tem- 


poral gyrus. 


The area of cortical flatiening in the 
event of bleeding from the posterior division 
of the middle meningeal artery involves 
mainly the inferior portion of the post- 
eentral gyrus, the inferior parietal lobule 
and the posterior halves of the superior 
and middle temporal gyri. 


on 


portions of the frontal, 


in- 


Herniation of the gyrus cinguli occurs 
across the midline beneath the free edge 
of the falx cerebri. 


3. The region of the tentorial notch. 


Portion of the hippocampal gyrus herniates 
downwards between the edge of the tentorium 
cerebelli and the midbrain. This herniation 
may become firmly wedged in this space and 
may reach and indent the upper aspect of 
the middle cerebellar peduncle. 


\s a result of this herniation the follow- 
ing changes occur :— 


) The midbrain becomes displaced to 
the ‘ae side and undergoes rotation 
about its longitudinal axis. To a typical 
cas’ the lateral displacement, when com- 
pared with the midline of the pituitary 
gland, was 1 cm. As a result the ipsi- 
lateral cerebral peduncle assumes a more 
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vertical direction while the contra-lateral 
peduncle is forced against and is grooved 
by the tentorial edge. 


Following compression of the contra- 
lateral peduncle against the tentorial edge 
the ipsi-lateral limbs may be paresed or 
paralysed and give false localising signs. 


(b) The vessels, for example the basilar 
artery—tethered as it is to the pons, 
become displaced laterally to the same 
degree. 


(c) The aqueduct of Sylvius may be 
grossly narrowed and the cerebro-spinal 
fluid circulation embarrassed. 


(d) The oculomotor nerves are deformed. 
The manner in which these nerves are in- 
volved is important in that it provides the 
explanation for the pupillary signs which 
accompany this condition (Sunderland and 
Bradley, 1952). 


The following description, which illust- 
trates the manner in which the third nerves 
are involved, has been taken from a case of 
leftsided extra-dural haemorrhage in which 
death occurred nine days after the evacu- 
ation of the clot (Fig. II). 


The brain meninges and base of the skull 
were removed in toto. After hardening in 
formalin the specimen was examined. 


The body of the sphenoid, portions of the 
greater and lesser wings, the dorsum sellae 
and the apices of the petrous temporal 
bones were cut away. The dura mater and 
arachnoid were incised longitudinally and 
the pituitary gland cut through in the mid- 
line. The dura mater with each half of the 
pituitary gland and the corresponding 
cavernous sinus was folded laterally. The 
brain stem, and _ tentorial gap were next 
examined from below. 


On the left side, i.e., the side of the 
haemorrhage, the uncus could be seen in 
the tentorial gap and projected 1 cm. medial 
to the corresponding free edge of the ten- 
torium cerebelli. 


The under surface of the herniated por- 
tion of the uncus was crossed obliquely and 
grooved by the left oculomotor nerve which 

was flattened against it. The nerve passing 
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forwards made an angle of 65° with the 
sagittal plane as compared with the right 
nerve which was inclined at 27° to the 
sagittal plane. 


II. Basal view of the brain in a case 
of tentorial herniation illustrating the dis- 
placement of the inter-peduncular’ structures 
(e.g., mammillary bodies) to the contra-lateral 
side. The difference in the angle of inclination 
of the two third nerves is clearly shown as is 
the stretching on the ipsi-lateral and the slacken- 
ing on the contra-lateral side. Also well 
shown is the manner in which the contra- 
lateral third nerve is forced into the angle 
of divergence of the posterior cerebral and 
superior cerebellar arteries as a result of the 
displacement brought about by the herniation. 


FIG. 


The left posterior communicating artery 
lay parallel to the medial border of the left 
oculomotor nerve and was separated from it 
by 1 mm. 


The left posterior cerebral artery oc- 
cupied a groove between the postero-medial 
surface of the uncus and the antero-lateral 
surface of the cerebral peduncle. 


It crossed immediately above the corres- 
ponding oculomotor nerve at a right angle. 
In some cases this vessel is seen to impinge 
on and deform the nerve. 


The superior cerebellar artery crossed 
below the nerve at an angle of 45°. The 
right anterior choroidal artery was stretched 
under the uncinate herniation. 


The right oculomotor nerve (i.e., the 
contra-lateral side) took a more anterior 
course than the left and was slack whils 
that on the involved side was stretched. A 
small portion of the uncus could be s:en 
on this side but it was not in contact with 
the posterior communicating artery, pos. 
terior cerebral artery or the oculomotor 
nerve. 


The important feature seen on the rivht 
side was that whilst the oculomotor nerve 
was slack it was, however, grooved above 
the posterior cerebral artery. 


In this case then the oculomotor nerve 
on the side of the lesion was compressed 
directly by the herniation of the uncus whilst 
the nerve on the contra-lateral side was 
compressed by the corresponding posterior 
cerebral artery. In both cases the nerves 
were compressed from above—a point of 
importance in the understanding of | the 
pupillary changes. 


The time relationship between the involve- 
ment of the two oculomotor nerves is im- 
portant because clinically the progression 
of pupillary changes on the contra-lateral 
side lags behind those of the ipsi-lateral 
side. This is to be expected for, as the 
uncinate herniation increases, the oculo- 
motor nerve of that side is compressed and 
after a time as the uncus forces its way 
between the midbrain and the edge of the 
tentorium the brain stem is displaced to 
the opposite side and the contra-lateral 
posterior cerebral artery is wedged against 
the corresponding oculomotor nerve. 


DIAGNOSIS. 


The extra-dural haematoma represents an 
urgent indication for operation. In_ the 
classical forms this urgency should be 
easily satisfied although there seem to be 
a number of reasons why this is not so. In 
the incomplete forms the decision may be 
more difficult. 


The diagnosis of extra-dural haemorrhage 
may be difficult because one is dealing with 
not one but a number of conditions which 
have in common the presence of blood ‘ot 
between the dura mater and the bone. 1 he 
site of the clot may vary greatly. It may 
be situated anywhere between the dura ad 
the bone. Apart from the usual clot revea'ed 
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by trephining in the temporal region it may 
be anterior or inferior to the frontal pole, 
over the base of the skull beneath the 
temporal lobe, extending over the parietal 
and occipital regions into the posterior 
fossa, over the cerebellum or may even be 
bilateral. 


fhe clot may be formed from meningeal 
vessel bleeding or from laceration of the 
superior longitudinal or transverse sinuses. 


{he clot may be associated with a sub- 
dural collection on the same, the opposite 
side or bilaterally and at the same time 
various degrees of brain and cranial vessel 
damage may occur. 


li is not surprising therefore, that the 
clinical picture varies so much from case 


to case. 


\gain, sub-dural haemorrhage may pro- 
duce a train of events very similar to that 
of extra-dural haemorrhage. This is to be 
expected because in both cases the cortex 
is depressed and comparable disturbances 
may occur in the region of the tentorial 
notch. 


There is a great discrepancy between 
the total number of cases of extra-dural 
haemorrhage which occur and those which 
are recognized clinically. It is therefore 
extremely important that all head _in- 
juries should be carefully and repeatedly 
examined in order to reduce this gap. 


Broadly, the cases can be separated into 
four groups. 


|. The classical case in which following 
often a localized blow on the temple, e.g., 
from a cricket ball, the victim is not un- 
conscious at the beginning or is unconscious 
for a short period. This is followed by a 
lucid interval terminating in unconscious- 
ness, 


2. The patient may be unconscious from 
the start. This is often because the blow 
has been more severe and other intra- 
cranial lesions, e.g., cerebral lacerations, or 
sub-dural haemorrhage co-exist. 


Subacute cases. Occasionally the diag- 
nosis is not made for a considerable time 
after injury. Two cases in this series were 


HAEMORRHAGE. 247 


operated fifty-two hours and seventeen days 
respectively after injury. In each case a 
large extra-dural clot was removed, but in 
neither case had unconsciousness occurred. 


(In this regard the rate of application of 
force is an important factor.) 


That the onset of coma may be delayed 
or absent is well known. Eynon (1926) had 
a case of symptomless extra-dural haemorr- 
hage, Gurdjian and Webster (1942) saw one 
patient with a lucid interval of thirty-one 
days. Short and Dunster (1940) used 
electro-encephalography to diagnose a clot 
in a patient who did not lose consciousness 
—operation on the nineteenth day was 
successful. 


Other cases of a subacute nature are 
described by Wiesmann (1885), Davies- 
Colley (1888), Relton and Haslam (1894), 
Munro and Maltby (1941), and Lanigan 
(1942). Coleman and Thompson (1941) 
discuss the slow onset of symptoms in some 
cases of sinus bleeding. 


4. Atypical Sites. It is extremely im- 
portant to realize that occasionally a haema- 
toma may form anterior or inferior to the 
frontal lobe, high up in the parietal region, 
over the base of the skull beneath the 
temporal lobe, in the cerebellar fossa or 
very rarely bilaterally. Reference has pre- 
viously been made to case reports describ- 
ing collections in all these situations. 


In one recent case presenting as an extra- 
dural haematoma craniotomy in the tem- 
poral region revealed a tight dura. A 
second opening into the frontal bone exposed 
a large extra-dural clot pushing the frontal 
lobe posteriorly. There was a fracture in 
the anterior cranial fossa and after the 
clot was removed a branch of the anterior 
division of the middle meningeal artery 
could be seen spurting into the cavity. 


SIGNS AND SYMPTOMS. 


In the so called typical case Wiesmann 
(1885) gave the following findings from a 
number of cases:— 


1. Conscious between concussion and on- 
set of pressure. Somnolence occurred fol- 
lowed by stupor coma and death. Com- 
pression was evidert from a quarter of an 
hour to eleven days after injury. 
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2. Contra- lateral hemiplegia. _ Isolatec 
paralysis of the leg was never observed, 
but only paresis when the arm was para- 


lysed. Convulsions may precede paralysis. 


3. The pulse may be slow and hard. 


1. Respirations may be slow and _ster- 


torous. 
5. Vomiting was frequently present. 


6. Pupil on the side of the lesion may 
become fixed and dilated. 


7. Sensory disturbances may be present. 
Aphasia may occur. 
Disorders of bladder and rectum. 
Automatic movement. 
Temperature rise. 


The history in a typical case is, of course, 
well known. A comparatively trivial injury 
followed by a brief period of unconscious- 
ness (although in several cases this does 
not occur), a lucid interval of usually a 
few hours and again unconsciousness. 


A departure from the typical case occurs 
when the injury is of a more severe nature 
causing cerebral damage in addition to that 
of the vessels in the extra-dural space, so 
that the patient may be unconscious from 
the beginning and gradually deepen in this 
state. 


In the usual case the patient during the 
lucid interval complains of headache, 
nausea and vomiting, becomes drowsy and 


then unconscious. 


The history quite often requires little else 
to suspect or establish the diagnosis and it 
is well to emphasise what should be done 
when the condition is suspected. 


It is not good enough to rely on an over- 
worked ambulance service and hospital to 
do the rest. Minutes count and surely the 
use of any available transport to hospital 
as quickly as possible is the best method. 


It should be possible with attention to 
details to perform a craniotomy in about ten 
minutes after the patient reaches hospital, 
if the hospital has been previously notified. 
The patient should be transferred from the 
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transport to a trolley and direct to the 
theatre where the surgeon can confirm the 
diagnosis or otherwise. 


It is remarkable how much time is ost 
in admitting the patients to wards and 
investigating with X-ray, lumbar puncture, 
etc., when in many cases all that should be 
done is to shave off enough hair to m: 
the incision. Some of the signs which 1; 
occur will be discussed in more detail. 


THe Conscious STATE. 

That the oft-quoted lucid interval 
often absent was known to Jacobson (1885 
It was absent in about one-third of the 7! 
cases reported by him. 

Gurdjian and Webster (1942) found a 
lucid interval in only one-third of 30 cases. 
The conscious state in this group allowed 
of the following subdivision: 

1. Unconsciousness followed by a_ lucid 
interval, followed by a gradual onset 
of coma. 

2. Coma developing over minutes, hours 
or days. 

Alternating consciousness and uncon- 

sciousness over a period of days. 

No unconsciousness but headache, 
vomiting, etc. 


5. Unconscious from the onset. 


6. A lucid interval obscured by alcohol. 


Verbrugghen (1937) describes cases with- 
out a lucid interval due to severe brain 
damage or to alcoholism. 


McKenzie (1938) observed that when the 
lucid interval was long the patient may 
become critically ill rapidly. 


Pringle (1938) in his case reports shows 
how much better the prognosis is when 
operation is performed on the patient who 
is admitted conscious. 


To the above remarks may be added the 
danger of obscuring the onset of coma by 
an anaesthetic given during the lucid inter- 
val, for example for the reduction of a 
fractured tibia as was seen in a recent case. 


Descriptions of the conscious state such 
Tf ” “ ” 
as “confused, stuporose,” etc., are 0! 
nearly as valuable as describing what ‘he 
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patient is doing, e.g., speaking, moving his 
limbs, etc. The nursing staff should be 
instructed to make their notes in_ this 
fashion so that the conscious state can be 


carefully followed. 


THE SCALP. 


time permits it is desirable to shave the 


scalp. The puffy or pulpy feel so 
present in the temporal region may 
.e obvious until the scalp is shaved. 


lpation may detect a depressed frac- 
Pringle (1938) describes the hollow 
percussion note over a clot. He states that 
‘noi only does a fracture alter the normal 
but I am convinced that an_ intra- 
cranial haemorrhage immediately beneath 
the area percussed can do so also.” 


tur 


nol 


\ bruise or laceration in the frontal 
region may overlie a fracture with a clot 
in the anterior fossa—not revealed by the 
usual temporal opening. One such case 
was seen in this series and others are 
reported by LeCount and Apfelbach (1920). 
Gross and Savitsky (1942) and Gordy 
(1948). 


Motor PHENOMENA. 


signs may vary between 
and increased tendon 


Pyramidal tract 
complete paralysis 
reflexes. 

(a) Paresis or Paralysis. 

Some degree of paresis or paralysis is 
the usual finding. When motor weakness 
develops the order and extent of the para- 
lysis is important. It begins on the contra- 
lateral side in the face and progresses to 
the arm and then the leg. At some stage 
the degree of paralysis will be greatest in 
the face, less in the arm and least in the 
leg. Slight facial weakness may be an im- 
portant sign. Wiesmann (1885) and Dandy 
(1912) emphasise this point. 


Paraplegia may occasionally occur and 
again a large extra-dural clot may form 
without paresis or paralysis. 


Some degree of contra-lateral paresis or 
paralysis is a valuable localizing sign. 
Jacobson (1885), Dandy (1942). 


Homo-lateral paresis of the limbs has 
been observed and has been ascribed by 
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McKenzie (1938) to contre coup cortical 
injury and by Kernohan and Waltman 
(1929) to notching of the crus cerebri of 
the contra-lateral side by the edge of the 
tentorium cerebelli. Cock (1842), referring 
to an unconscious patient who had suffered 
an extra-dural haemorrhage, wrote as fol- 
lows:— “The total hemiplegia which existed 
on the right side, and the readiness with 
which the left arm and leg were drawn 
away when pricked or pinched at once 
indicated the seat of the mischief.” 


Supra-orbital pressure is a useful method 
of determining whether an _ unconscious 
patient can move the arms. lt should be 
used as a repeated test in the search for 
motor phenomena. 


(b) Convulsions. 


Jacobson (1885); Gurdjian and Webster 
(1942); Wakeley and Lyle (1934); Jeffer- 
(1921); Woodhall, Devine and Hart 
and Kennedy and Wortis (1936) 
associated with extra- 


son 
(1941) 
discuss convulsions 
dural haemorrhage. 


They do not commonly occur, but are a 
valuable sign. Dandy (1942) considers 
that they have the same significance as 
motor loss but like motor loss are not 
pathognomonic of extra-dural haemorrhage. 
Convulsions beginning in the face may add 
weight to a diagnosis. If they begin in the 
leg they are against such a diagnosis. 


(c) Muscular rigidity. 

This has been observed by a number of 
writers. Jefferson (1921) described two 
cases in which there was generalized mus- 
cular rigidity with a peculiar attitude of the 
body. In both cases there was a large clot 
in the frontal region. He suggested a circu- 
latory cause for the rigidity due to anoxia 
at a cortical level. 


DYSPHASIA. 


Slurring of the speech is often present 
with a haematoma on the side of the domi- 
nant hemisphere. 


PULSE. 


The character and rate of the pulse 
varies from case to case. The rate may be 
normal or slow but is unlikely to be over 
100 except in the obviously shocked patient. 
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A slow full pulse is an attempt at com- 
pensation for the pressure of oedema or 


haemorrhage. 

It is well to keep a close watch on the 
pulse because it may change in a few 
minutes, 


RESPIRATION. 


The respiratory rate tends to vary directly 
with the pulse rate. Cheyne-Stokes breathing 
is a sign of medullary compression. 


BLoop PRESSURE. 


This may be slightly or markedly elevated. 
Pulse, respiration and blood pressure have 
been carefully studied in head injuries by 
Briesen (1940). 


TEMPERATURE. 


That hyperthermia of nervous origin, and 
at times to an alarming degree, may occur 


has long been known. 


Cock (1842) describes two cases 
made the following shrewd observation :— 
“The rise of temperature occurred much too 


and 


early to be septic or inflammatory in origin; 
moreover there were no signs of inflam- 
mation or of congestion of the membranes 


in either case. It must therefore be of 
purely nervous origin, and its exact nature 
is difficult to explain.” 


It is not the purpose of this paper to 
discuss neurogenic hyperthermia in detail. 
It may occur in various injuries to the brain 
or spinal cord, Erickson (1939). 


CEREBRO-SPINAL FLUID. 


Since an extra-dural clot is so often 
associated with brain injury the findings 
after lumbar puncture would be expected to 
vary. 

The pressure is usually elevated but may 
be normal and again the fluid may be 
clear, or blood stained. 


One should not at this stage remove a 
large volume of fluid nor should jugular 
vein compression be performed. 


In fact in some cases lumbar puncture as 
a diagnostic procedure is quite unnecessary. 
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Bloody fluid, and a normal or even , 
subnormal pressure does not rule out the 
diagnosis of extra-dural haemorrhage. 


FRACTURE. 


A fracture will usually overlie the rup. 
tured vessels although this is not invariably 
so. The fracture line will usually inyolye 
the squamous temporal bone, but a fracture 
in the frontal or occipital bone may mark 
the site of an atypical extra-dural haema. 
toma in the frontal or cerebellar regions. 


Cases in which large extra-dural clots, 
due to middle meningeal haemorrhage, oc. 
curred in the absence of a fracture were 
seen by Erichsen (1878), Jacobson (1835), 
McKenzie (1938), and Falconer and Schiller 
(1942). Falconer and Schiller described 
two cases with a delayed onset of symptoms 
in which the diagnosis was not made because 
a fracture was not present. 


It should be realized that X-ray in many 
cases is unnecessary. There are times when 
the patient should be in the operating 
theatre and not the X-ray department. 


EYEs. 


The signs displayed in the eyes will be 
considered in some detail because: 

1. Confusion exists as to what actually 
occurs; 

2. They are an aid in diagnosis and 
localization; 

3. They are an aid in prognosis; 

4. They can be explained in the light of 
the normal and pathological anatomy. 


Jacobson (1885) wrote the following :— 
“If one pupil is found widely dilated, the 
other being natural or contracted in size, 
and if the dilatation be present on the side 
of the face corresponding to the part of ihe 
head injured, in other words opposite to 
the side paralysed (if hemiplegia be 
present), it is a sign of the greatest im- 
portance.” 


He named it the “Hutchinson pupil” be- 
cause he believed that Hutchinson was the 
first to describe it. 


Hutchinson (1867) described this pupil- 
lary change as follows:— “Our infere:ces 
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as to the side on which the blood-clot lies 
will be helped by observation of the hemi- 
plegia (if it has been present), by the 
dilatation of one pupil, and the examination 
of the scalp. The hemiplegia will be on 
the opposite side; a fixed dilated pupil 
will. | think, be present on the same side, 
and a puffy swelling in the scalp will often 
be found directly over the fracture.” 


Kristiansen (1949) gives priority in the 
description of the pupil to Griesinger 


(1862). 


The earliest reference which I can find 
to the importance of the pupil as a localizing 
sign in extra-dural haemorrhage is neither 
that of Hutchinson or Griesinger but that of 
Cock (1842). 


Cock’s description was as follows:—“The 
pupil, also on the same side as the extra- 
vasation, will generally be found dilated; 
although this was not the case in the present 
instance.” 


These older writers knew the value of 


the pupil as a localizing sign and also that 
the change was not always present. Aber- 
nethy (1811), Cooper (1824) and Liston 
(1831) noted pupillary changes but did not 
refer to their localizing value. 


Many other authors have discussed pupil- 
lary changes and at times eyes movements. 
Among these may be mentioned—MacEwen 
(1887), Wiesmann (1885), Cushing (1911), 
Vance (1927), Rand (1929), Verbrugghen 
(1937), Schoercher (1937), McKenzie 
(1938), Pringle (1938), Reid and Cone 
(1939), Munro and Maltby (1941), Wood- 
hall, Devine and Hart (1941), Gurdjian and 
Webster (1942), Orgias (1945), Lewin 
(1949), and Wertheimer and Maret (1950). 


The signs may be divided into two 


groups :— 
(a) Pupillary changes. 
(b) Eye movements. 
These signs are produced by involvement 


of the oculomotor nerves peripheral to the 
midbrain in their course across the tentorial 


gap 
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The oculomotor nerve contains para- 
sympathetic fibres which innervate the ciliary 
body and sphincter pupillae and somatic 
fibres which supply the medial, superior and 
inferior recti, the inferior oblique and the 
striated muscle fibres of the levator palpe- 
brae superioris. The parasympathetic fibres 
have been found to occupy the superior 
segment of the nerve as it crosses the: ten- 
torial gap (Sunderland and Hughes, 1946). 


A study of the pathological anatomy 
shows that the nerve on the side of the lesion 
is pressed on from above by the herniated 
uncus either directly or via the posterior 
communicating or posterior cerebral arteries 
and that subsequently the nerve of the 
opposite side becomes compressed from 
above by the posterior cerebral artery of 
that side (Sunderland and Bradley, 152). 


In the beginning pressure will stimulate 
the parasympatheuc fibres which lie in the 
upper segment of the nerve and hence 
proauce pupillary constriction. As_ the 
pressure increases conduction in the pupillo- 
constrictor fibres will cease and theresore 
pupillary dilatation will occur. As the 
pressure on the oculomotor nerve increases 
stull turther conduction in its somatic fibres 
is intertered with. 


After a time the contra-lateral oculomotor 
nerve becomes pressed on trom above by 
the corresponding posterior cerebral artery. 
As this pressure increases, the nerve is at 
first stimusated and, because of the position 
of the pupillo-constrictor fibres, this means 
that they are stimulated and tater paralysed. 


One would expect therefore, to find con- 
striction followed by dilatation, firstly of 
the pupil of the involved side and after an 
interval similar changes in the pupil of the 
opposite side. Reference to a typical case 
history will illustrate these points, and if 
the time factor is considered, it is obvious 
why some of these changes are not always 
observed. (See Case I.). The patient is 
unlikely to survive long enough to allow 
evidence of interference with conduction in 
the somatic fibres of the contra-lateral oculo- 
motor nerve. Before this stage is reached 
death occurs with respiratory failure due to 
midbrain compression. 
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The movements of the eyes and the be- 
haviour of the levator palpebrae superioris 
muscle will now be considered. 


It is difficult in the unconscious patient io 
test eye movements. However, if careful 
observations are made deficiencies in certain 
eye movements on the involved side will be 
observed. These are of great interest both 
pre- and post-operatively. One may observe 
either partial or total paralysis of some or 
all the extra-ocular muscles innervated by 
The most striking 


the oculomotor nerve. 


observation pre-operatively is that the eye 
on the involved side is either in a central 
position or abducted and in this plane only 
moves between these two positions. This_is 
due, of course, to paralvsis of the medial 


rectus muscle. 

In our series the contra-lateral ocular 
muscles were not observed to be paralysed. 
This is understandable, because by the time 
both pupils are fully dilated and fixed and 
the ocular muscles on the side of the lesion 
are involved, the clinical course is entering 
a terminal state due to midbrain compres- 
sion and the patient does not survive long 
enough for the rising pressure to interfere 
seriously with conduction of the somatic 
fibres of the contra-lateral nerve _ peri- 


pherally. 


The striated muscle fibres of the levator 
palpebrae superioris are innervated by the 
oculomotor nerve. One would expect to 
find, therefore, cases in which ptosis of the 
upper lid was present. This is frequently 
observed on the involved side. It is possible 
for this to occur also on the contra-lateral 
side, although no examples were seen in our 
series. 


It may be useful at this stage to sum- 
marize some of the changes which one may 
expect to see in a patient who has suffered 
an extra-dural haemorrhage. The progres- 
sion of pupillary changes, ptosis of the 
upper eye lid and deficiency in certain eye 
movements, e.g., absence of medial deviation 
of the eye ball on the involved side, are 
explained when one realizes that: 


1. The pupillo-constrictor fibres pass 
along the superior segment of the oculo- 
motor nerve as it crosses the tentorial gap. 
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2. The medial rectus muscle is innery.:ted 
by somatic fibres in the oculomotor nerve. 


3. The levator  palpebrae super: 
striated muscle fibres are innervated by 
oculomotor nerve. 


1. The nerve is vulnerable to pressur: 
it crosses the tentorial gap and is at 
stimulated and later paralysed by pres: 
from the uncinate herniation, the post: 
cerebral or posterior communicating art 
or a combination of these factors. In the 
recent cases of our series in which the 
eyes were critically and repeatedly examined 
every few minutes, the above signs gave the 
correct side of the lesion in every case 
Again the state of the pupils is a valuable 
aid in prognosis. When both pupils are 
fixed and dilated the condition is very grave 
indeed, but not hopeless. Survival is un. 
likely when this stage is reached, although 
recovery has been seen in one case in which 
both pupils were fixed and dilated fo; 
fifteen minutes. One gains the impression 
that the time limit for survival is about one 
half hour after the pupils are fully dilated 
and fixed. Craniotomy after this time is 
not likely to save the patient. 


A further prognostic point is the question 
of what happens to the pupils immediately 
following evacuation of an_ extra-dural 
haematoma. In favourable cases the pupils 
will contract and react to light within a very 
short time, even within two to three minutes 
of decompression. In the cases in 
death is likely to follow no change will be 
seen in the pupils following decompression. 
The progression of changes in pupils and 
eye movements following decompression are 
of great interest and will be considered 
when the post-operative course is discussed. 
A full description of the above is presented 
In a separate paper. 


which 


ATYPICAL SITE. 


1. Cerebellar. 

Herren and Zeller (1950) reported two 
personal cases in which there was a [rac 
ture of the occipital bone and laceration of 
the transverse sinus. In both cases tere 
was a lucid interval followed by headache. 
nausea, vomiting and finally coma and 
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deat!:. They summarized the literature in 
order to find a common denominator for 
the symptoms and signs. The conclusion 
was that there was no typical symptoma- 
tolovy. history or findings. 
Trama was usual over the occiput and 
X-ray revealed a fracture. In these cases 
deat): occurred within forty-eight hours. A 
chronic type of case was described in which 


neurological 


surgical intervention was carried out in from 
thre: days to nine months. In these chronic 
case- cerebellar signs and visual defects 
were common. Coleman and Thomson 
(1911) point out that the slow onset of 
symptoms is due to the slow venous bleed- 
ing and to obstruction of. the ventricular 
system producing internal hydrocephalus. 
They regard cerebellar signs and nuchal 
rigidity as important. 


Turnbull (1944) describes a case of extra- 
dural cerebellar haematoma after a blow 
across the eyebrow. The patient developed 
headache, drowsiness and cerebellar signs. 
There was no evidence of skull fracture 
but ventriculography revealed an_ internal 
hydrocephalus. 


McKenzie (1938) discusses one case with 
a clot over the cerebellum and another in 
which a clot over the cerebrum extended 
down over the cerebellum. 


\ clot in this situation is rare but 
should be kept in mind where there is a 
fracture in the occipital bone together with 
the suspicion of extra-dural haemorrhage. 


2. Frontal. 


\ number of references have already been 
made to clots in this situation. It was 
usual to find a bruise or laceration in the 
frontal region overlying a fracture of the 
frontal bone. The clot may form either 
anterior or inferior to the frontal pole of 
the cerebral hemisphere. 


Unfortunately many cases have been seen 
at autopsy in which the usual temporal 
opening has not revealed the clot—a com- 
mon statement has been that the posterior 
limit of the extra-dural clot was 1 cm. 
anterior to the temporal opening. 


To illustrate how difficult the treatment 
may be Lewin (1949) describes a case of a 
sub-frontal extra-dural clot which was missed 
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at operation in spite of temporal and 
frontal burr holes. 


3. Basilar. 

Guillaume and Pecker (1951) report 5 
cases of fractured base of the skull with 
meningeal haemorrhage. 


The clinical course varied from acute to 
chronic forms. Diagnosis in some cases was 
made by ventriculography. 


SpeciaAL Arps IN DIAGNOSIS. 


Electroencephalography was used by 
Short and Dunster (1940) to diagnose a 
case on the 16th day after injury. This 
method has been discussed recently by 
Wertheimer and Milleret (1951). Air 
studies have at times been useful in the 
delayed type of case. Angiography will 
prove a useful aid in the difficult case. 
Webster, Dawson and Gurdjian (1951) 
illustrate two cases one with a temporal and 
the other with a frontal clot in which angio- 


graphy proved helpful. 


The displacement of the pineal gland in 
the X-ray is referred to by Falconer and 


Schiller (1942) and Madonick and Oljenick 
(1945). 


DIAGNOSIS AND DIFFERENTIAL DIAGNOsIS. 


Quesnay (1743) ascribed the 
sciousness and stupor coming on at the 
instant of injury as due to commotio 
cerebri and stated that the onset of these 
same symptoms some time after injury 
indicates spillage of blood within the head. 
He recognized the fact that the second type 
of unconsciousness may come on before the 
first has cleared up and lead to great con- 
fusion in diagnosis. He further stated that 
lightening of stupor followed by its in- 
crease and unconsciousness steadily increas- 
ing in depth should lead to a suspicion of 
intra-cranial bleeding but that one cannot 
tell whether the bleeding is extra-dural. 
sub-dural or intra-cerebral. Rogers (1937) 
also warns against too rigid a classification 
and prefers to discuss traumatic intra-cranial 
haemorrhage. 


uncon- 


In making a diagnosis one must consider 
all the various features together and realize 
that bizarre and atypical cases occur — 
atypical not only in the clinical course, but 
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also in the situation of the clot. Bleeding 
may be of venous or arterial origin or both. 
Contusion or laceration of the brain or 
sub-dural haemorrhage may confuse the 
diagnosis or give many findings similar to 
those of extra-dural haemorrhage. 


An analysis of 33 cases described by 
Pringle (1938) is of interest. There were 
14. with unilateral extra-dural haemorrhage, 
4 admitted conscious and 10 unconscious, 
3 with bilateral extra-dural clots, 11 with 
extra-dural haemorrhage plus  sub-dural 
haemorrhage on the same side and finally 5 
with extra-dural haemorrhage, plus sub- 


dural haemorrhage on the opposite side. 


OPERATIVE MANAGEMENT. 


It is obvious that craniotomy must be 
performed with the utmost urgency once the 
diagnosis has been made or reasonably sus- 
pected. 


Pre-operative. 

If the history and report received on the 
patient before arrival at hospital suggests 
extra-dural haemorrhage the patient should 
be taken directly to the operating theatre. 


Airway. 

It is essential to see that the airway is 
perfectly clear and if the patient is uncon- 
scious an intra-tracheal tube should be 
introduced immediately. In one of our 
cases in which the patient arrived at hospital 
deeply unconscious the anaesthetist inserted 
an intra-tracheal tube almost as the patient 
was lifted from the ambulance. I am con- 
vinced that this contributed greatly to the 
recovery of the patient. 


Anaesthetic. 

Each case must be judged on its merits. 
Generally local anaesthetic is satisfactory, 
or if unconscious no anaesthetic but intra- 
tracheal air or oxygen may be used. A 
general anaesthetic may mask the signs of 
a recurrent bleed in the immediate post- 
operative period. 


Scalp. 

If time permits it is wise to shave the 
scalp completely and inspect it for abrasions, 
lacerations or surface haematomata. These 
often help in selecting the site for the 
incision. 
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Incision, 
The questions one must ask are first! 


which side should be opened, and secon ||, 
—where should the incision be made. he 
osteoplastic flap has little or no place as 4 
method of treatment. Scalp incision {o|. 
lowed by a burr hole subsequently enlarsed 
is quite satisfactory. 


Frequently a boggy swelling will indicate 
the site for incision or if an X-ray has been 
taken the incision should be planned to 
cross the fracture line. Failing these facts 
the side can usually be decided in the licht 
of the localizing signs and the incision 
should be made above and anterior to th 
ear through the temporalis muscle to expose 
the squamous temporal bone which is then 
opened with a burr hole. If a haematoma is 
revealed the burr hole is enlarged with 
rongeurs to give an adequate exposure. |i is 
as well to make a large opening, say 5 
cm. in diameter, if necessary, otherwise 
control of haemorrhage can be unnecessaril) 
dificult. If the incision does not reveal a 
haematoma there are three alternatives: 


1. The diagnosis is incorrect, 
2. The wrong side has been opened, o: 
3. The haematoma is in an atypical site 


The alternatives at this stage are either an 
opening on the opposite side or consideratiou 
of the possibility of haematoma either 
anterior or inferior to the frontal pole, o: 
in the posterior fossa. In one of our cases 
which had been opened in the temporal 
region a second incision and opening in 
the frontal bone revealed a large haematoma 
anterior to the frontal pole which had been 
missed by about 1 cm. when the temporal 
opening was made. A similar case is des- 
cribed by Lewin in which, however, the 
temporal and frontal openings failed to 
expose the haematoma which at autopsy was 
found to be inferior to the frontal pole. 


The haematoma is evacuated using an 
aspirator and forceps, and a search is made 
for the bleeding points. Care must be 
taken to explore the total area of the clot. 
McKenzie (1938) quotes a case in which the 
clot extended from the parietal area into 
the posterior fossa. He recommends 2 
second burr hole in such a case. Diatherny 
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is the most generally useful means of con- 
trolling haemorrhage and may need to be 
suppemented by either muscle or one of 
the commercially produced haemostatic 
preparations. It is probably better in many 
cases where the bleeding points are rather 
inaccessible to gently apply muscle or other 
haemostatic material on the bleeding area 
than to retract an already badly compressed 
brain in order to completely expose the 
site of bleeding. Immediately following re- 
moval of the clot one must be ready to 
control severe haemorrhage. Care and 
patience are required as the control of 
haemorrhage can be very difficult indeed. 


What one should do after the bleeding has 
been controlled depends on the behaviour 
of the brain and dura. If the brain expands 
and the dura becomes firmly appliéd to 
the skull, there is not likely to be any 
further trouble and the wound can be closed 
without drainage. If, on the other hand, 
the brain remains compressed the dura is 
slack and a large dead space exists, there 
is danger of a second haemorrhage. To 
overcome this, one should firstly watch the 
exposed dura for, say, half to one hour 
when, in some cases, the space will gradually 
obliterate, or, if this does not occur, the 
dura should be brought into contact with 
the skull by sutures between the dura and 
the galea aponeurotica. Whether this is 
done or not the wound should be closed 
with a drain tube to the extra-dural space. 
Poppen (1935) discusses the prevention of 
post-operative extra-dural haematoma by 
holding the dura in contact with the bone 
by sutures. The wound is closed with inter- 
rupted, waxed silk sutures to the temporalis 
muscle and the scalp. It is not necessary to 
open the dura unless the extra-dural collec- 
tion is small, the dura tense after removal 
of the haematoma or unless there is obvious 
blood beneath the dura. 


POST-OPERATIVE MANAGEMENT. 


The first few hours after operation are 
extremely important and may be critical 
ones. It is well to realise how rapidly a 
patient can deteriorate following a second 
bleed. It is our routine in the four hours 
immediately following craniotomy to keep 
a quarter-hourly chart and to have instru- 
ments by the bed side in order that the 
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sutures may be cut if necessary without 
undue delay. 


The clinical course of a patient who had 
a repeated haemorrhage following evacuation 
of an extra-dural haematoma has been des- 
cribed in the case reports. 


Ellis (1938) reported a case in which 
following evacuation of an extra-dural clot 
the patient recovered consciousness but was 
again unconscious 5 hours later. A second 
exploration revealed bleeding from a vein 
near the foramen spinosum. Recurrent 
haemorrhage is also emphasised by Lewin 
(1949). 


Providing no further bleeding occurs into 
the extra-dural space the post-operative 
course is usually uneventful. 


Particular attention must be paid to the 
maintenance of an unobstructed airway with 
the use of an aspirator when necessary. 


The temperature may rise unduly in the 
immediate post-operative period but care 
should be taken to keep this if possible 
below 100° F. 


Case HIsTorIEs. 


The following case histories are included 
D 
to illustrate:— 


1. Classical case followed by post-operative 
haemorrhage. 


2. Patient unconscious from time of injury. 
3. Subacute case. 
. Atypical site. 


. Clinical picture obscured by extraneous 
factors. 


. Classical case followed by post-operative 
haemorrhage. 


L.F., a male, aged 32 years. 

5 p.m.—Struck on right temple by a cricket 
ball. Dropped to the ground tempor- 
arily unconscious but recovered quickly. 

8.15 p.m.—Very drowsy, visible. swelling in right 

temple. Loss of power in left arm, no 
facial weakness. 
Eyes.—Ptosis right upper lid. Unable 
to adduct right eye. Right pupil con- 
stricted, left medium size — both re- 
acting to light. 
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8.35 p.m.—Right pupil dilating, left constricted 
both reacting to light. 

8.50 p.m.—Right pupil fully dilated with no re- 
action to light. Left pupil medium size 
and reacting to light. 


8.50 p.m.—OPERATION. 

Evacuation of large right-sided extra- 
dural haematoma with control of bleed- 
ing from the posterior division of the 
middle meningeal artery. This was 
followed by a dramatic recovery of 
consciousness and return of power to 
left arm. 

9.00 p.m.—Both pupils reacting to light and 
equal at approximately 6 mm. diameter. 

10.30 p.m.—Conscious but drowsy. Pupils small, 
equal and reacting to light. 

11.30 p.m.—Right pupil dilating and not reacting 
to light, left pupil constricted and re- 
acting to light. 

12.09 m.n.—Unconscious, both pupils almost fully 
dilated—no reaction to light in right 
pupil with slight, if any reaction in 
left pupil. 


OPERATION. 
Wound re-opened and extra-dural clot 
evacuated. The bleeding was now a 
general ooze from the dural surface. 
Pupils—The right pupil at first re- 
mained fully dilated and non-reacting 
whilst the left became smaller in 
diameter and reacted to light. After a 
few minutes both pupils were small 
and reacted to light, and the patient 
was again conscious. 

Second Day. 


10.30 a.m.—Pupils small, equal and react to light 
and accommodation. Cannot abduct 
right eye. Right palpebral fissure 
narrow. 


8.00 p.m.—Pupils as before, eye movements 
normal in all directions, right palpe- 
bral fissure still narrowed. 

Fifth Day. 

Right palpebral fissure still narrowed. 


One Month. 
No abnormality present. 


This case illustrates several points. The 
patient was deeply unconscious less than 
four hours after injury. There was a pro- 
gressive change in both pupils but this 
was delayed on the contra-lateral side com- 


pared with the involved side. 


Following evacuation of the clot both 
pupils in less than ten minutes were reduced 
in size and reacted to light but the contra- 
lateral pupil recovered more rapidly than 


the ipsi-lateral. There was a rapid reco, 
of consciousness and with it return 
power to the paresed arm. 


Following the first operation when 
haemorrhage was not controlled success! 
the patient gradually lapsed into « 
again being drowsy in less than two hy 
and unconscious in about three hours. 
less than three hours the pupil on 
involved side was dilating and not reacting 
to light. There was a progressive fall 
the pulse rate and a rise in blood pressure 


After the second operation the pupils and 
conscious state recovered as before whilst 
the pulse rate rose and the blood pressure 


fell. 


In this case the pupils recovered follow. 
ing decompression in minutes, the extra- 
ocular muscles in hours and the levator 
palpebrae superioris in weeks but it was 
more usual for the extra-ocular muscles to 
take days to recover their power. 


Many cases have been reported where 
haemorrhage has recurred following evacu- 
ation of the clot and this emphasizes the 
difficulty of controlling it. One may be 
forgiven for the recurrence of bleeding after 
operation but with such definite evidence 
as was presented in this case it should be 
recognized and treated. 


2. Patient unconscious from time of injury. 
W.H., male, aged 34 years. 
8 Dec., 1950. 
9.30 p.m.—Hit on left side of head with an iron 
bar. Unconscious and remained so until 
after operation. 


9 Dee. 

1.00 a.m.—Admitted to hospital deeply unconscious, 
deep reflexes equal and moderately 
active. 

1.05 a.m.—Pupils constricted, sluggishly _reacti 
to light. 

1.50 a.m.—Left pupil widely dilated and 
reacting, right pupil constricted and 
acting to light. 

a.m.—Pupils as at 1.50 am. Right 
roving from medial to lateral devia! 
left eye deviating laterally from a cen! 
position. 

—Left pupil widely dilated and 
reacting, right pupil dilating but 
acting to light. Left palpebral fis 
narrowed, 

a.m.—Both pupils widely dilated and _fixe:|. 





H 
four 
face 
shor 
On 
simi 
no 
The 
frat 
and 
the 
the 


4 


ExtTra-DuRAL 


3.05 ».m.—OPERATION—Evacuation of large left 
sided extra-dural haematoma. 


315 «.m.—Pupils equal, moderately dilated and 


reacting to light. 


m.—Medial rotation of left eye observed for 
first time. Left palpebral fissure still 
narrowed. Conscious. 


8.30 


Eye movements normal, palpebral fis- 
sures equal, pupils equal and reacting 


to light. 


In this case there was no lucid interval 
and following decompression recovery of 
consciousness was gradual and not dramatic. 
Ther’ was a_ progressive change in the 
pupils commencing firstly on the involved 
side and followed after an interval on the 


contra-lateral side. On the side of the 


haemorrhage the medial rectus muscle was 
paralysed and there was ptosis of the upper 


eyelid. 


Pressure was relieved within a few minutes 
of the state in which both pupils were fully 
dilated and fixed and following this the 
pupils had contracted and were reacting to 
light in less than thirteen minutes. 


In discussing prognosis one can say that 
recovery is still possible after the pupils 
are fully dilated and fixed although about 
thirty minutes is probably the limit in this 


state. 


Again rapid recovery of the pupils follow- 
ing decompression is a good sign. 


3. Sub-acute Case. 


J.H., male, aged 36, was hit in the left frontal 
region by falling timber. He was not rendered 
unconscious but reported to hospital where he 
was observed for twelve hours and allowed to go 
home. X-ray of skull was said to be normal. 

He reported to hospital the next day and was 
found to have slight weakness of the right lower 
face and arm and was drowsy. Lumbar puncture 
showed clear C.S.F. at a pressure of 120 mm. 
On the second day after injury the findings were 
similar to those of the previous day and there was 
no abnormality of the pupils or eye movements. 
The skull X-rays were repeated and revealed a 
fracture in the left parietal bone passing forwards 
and downwards across the coronal suture into 
the frontal bone. The pineal gland was 1 cm. to 
the richt of the midline. 
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Craniotomy fifty-three hours after injury revealed 
a large left sided extra-dural haematoma which 
left a cavity measuring 11 x 8 x 3 cm. deep with 
bleeding from the anterior division of the middle 
meningeal artery. The patient made a rapid and 
uneventful recovery. 


This patient had a very large extra-dural 
haematoma but was not unconscious at any 
stage during the fifty-three hours before 
operation. It is interesting to note that 
there was no disturbances of conduction in 
the oculomotor nerves. The scalp abrasion 
was directly over the fracture line in the 
frontal bone which crossed the anterior 
division of the middle meningeal artery. 


1. Atypical site. 


M.K., a female, aged 24, was hit by a motor 
cycle at 5.30 p.m. on 7 Mar., 1951. She was seen 
ten minutes later when she was conscious and 
had a right frontal laceration. 


8.15 p.m.—Unrouseable, right pupil smaller than 
left and not reacting to light. 


9.30 p.m.—Right pupil 10 
pupil 6 mm. 
acting to light. 


10.00 p.m.—OPERATION—A burr hole was made 
through the right squamous temporal 
bone but revealed only a tight dura. 
A second burr hole was made at the 
site of the laceration overlying the 
frontal bone about 4 cm. to the right 
of the midline. This revealed a large 
extra-dural haemorrhage anterior to 
the right frontal pole. After evacu- 
ation of the clot a branch of the 
anterior division of the middle menin- 
geal artery was seen to be spurting 
into the cavity and there was a frac- 
ture extending from the burr hole 
through the lesser wing of the sphenoid 
and across the anterior cranial fossa. 
The temporal burr hole missed the 
edge of the haematoma by 1 cm. The 
patient made a rapid recovery follow- 
ing operation. 


diameter, left 
neither re- 


mm, 
diameter, 


This case illustrates the importance of 
recognizing the haematoma in an unusual 
site. 

5. Clinical picture obscured by extraneous 
factors. 


K.E., a male, aged 24, was involved in a motor 
car accident and suffered a lacerated scalp and 


compound fracture of the tibia and fibula. 


3.30 p.m.—Motor car accident. . Unconscious for 


a short time. 


6.20 p.m.—Admitted to hospital. He was con- 
scious but not fully orientated. Pupils 
equal and reacted to light and accom- 
modation. No loss of power in the 
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limbs and no other abnormal neuro- 
logical findings. 

8.30 p.m.—OPERATION under _ general 
thetic—scalp sutured, fracture reduced. 


11.30 p.m.—Breathing _ stertorous. Left _ pupil 


almost fully dilated and non-reacting, 


right pupil small. 

12.00 p.m.—Left pupil fuly dilated and 
right pupil constricted. 

1.00 a.m.—Right pupil commencing to dilate. 

1.30 a.m.—Both pupils fully dilated and fixed. 
OPERATION. — Evacuation of large 


left sided extra-dural haematoma with 
bleeding from posterior division of 
middle meningeal artery. 

Patient regained consciousness in the 
operating theatre but died within a 
few minutes with respiratory failure. 


This man died as the result of an extra- 
dural haemorrhage. There was a lucid inter- 
val but the return of coma was obscured by 
a general anaesthetic given in order to 
reduce a fracture. 


The left pupil was commencing to dilate 
less than eight hours after injury and in 
another hour was fully dilated and fixed. 
Constriction to full dilatation of the left 
pupil occupied two hours and the progres- 
sion of changes in it lagged behind those 


of the involved side by two hours. Probably 


the first sign would have been constriction, 


of the ipsi-lateral pupil six hours after 
injury. Both pupils were fully dilated and 
fixed for thirty minutes before decompres- 
sion but although the patient regained con- 
sciousness respiratory failure caused death. 


CONCLUSIONS. 


mortality due to  extra-dural 


haemorrhage is high. The source of 
haemorrhage may be from the middle 
meningeal vessels, the meningeal branches 
of the ethmoidal, ascending pharyngeal, 
occipital or vertebral arteries; or from the 
great venous sinuses. 


1. The 


2. The paramount cause of death (exclud- 
ing patients with severe brain damage) is 
late intervention although other causes in- 
clude missed diagnosis, haematoma in an 
unusual site and re-accumulation of blood 
following operation. 


3. Careful organization is necessary to 
give the best treatment. Valuable time is 
often lost in carrying out investigations 
such as spinal puncture and radiography in 


anaes- 


fixed, 


many cases in which these are not necessary. 
In fact lumbar puncture may be a dangerous 
procedure. 


4. A lucid interval is not always present 
because the injury may be severe enough 
to produce brain damage of such a decree 
that coma continues. 


5. A study of normal and _ patholov ical 
anatomy allows an explanation of mos: of 
the symptoms and signs, when the clot js 
located in the temporal region. 


6. When conduction in the 
nerves is disturbed it is due to compression 
as the nerves cross the tentorial gap. This 
explains the pupillary changes which con. 
sist of constriction then dilatation on the 
side of the lesion followed after an interval 
by similar changes on the contra-lateral side 
if the condition is allowed to progress. |t 
also explains the paralysis of certain extra- 
ocular muscles and ptosis of the upper eye. 


lid. 


7. The pupillary changes are of great 
diagnostic and prognostic importance and 
are reliable aids to localization of the side 
of the lesion. Bilaterally fixed dilated pupils 
represent a very grave condition and it is 
highly improbable that recovery can occur 
after this condition has persisted for longer 
than thirty minutes. The rapid recovery of 
the pupils following decompression is a 
good sign. 


oculon otor 


8. Sub-dural haematoma may simulate o: 
co-exist with extra-dural haematoma. 


9. The possibility of haematoma in an 
atypical site such as anterior or inferior to 
the frontal pole, in the cerebellar fossa, 
over the skull base beneath the temporal 
lobe, high up in the parietal region, must 
not be forgotten. 


10. The airway must be perfect and a 
general anaesthetic is best avoided when 
preparing to operate. 


ll. The control of haemorrhage following 
removal of the clot can be very dificult. 


A careful watch must be kept for evidence 
of recurrent haemorrhage especially i/ the 
wound has been closed with a “dead space” 
due to the fact that the brain has no! ex 
panded to press the dura against the |vone. 
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ExTrA-DuRAL 


SUMMARY. 


1. The normal and pathological anatomy 
has been described with particular reference 
to the tentorial notch. 


2. The diagnosis has been discussed and 
variations from the classical syndrome have 
been considered. 


3. The signs revealed in the eyes have 
been examined in some detail particularly 
the pupillary changes and eye movements. 
Emphasis has been made on the ways in 
which the conduction in the oculomotor 
nerves is disturbed as they cross the ten- 
torial gap. 


j. Reference has been made to the opera- 
tive management and the possibility of 
haematoma in an atypical site. 


5. Finally a case has been described 
illustrating the clinical course due to re- 
current haemorrhage following operation. 
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HYPERPYREXIA PALLIDA AND ITS PREVENTION. 


By H. P. 


PICKERILL. 


¥ ellington. 


\IBREDANNE first described this syn- 

drome at a surgical congress in Mon- 
treal in 1922, but its importance was not 
realised and it went unrecognised. Armin- 
geat. Ombredanne’s disciple, in 1929, at the 
paediatric congress in Paris read a further 
paper on the subject. The condition has been 
referred to by French surgeons as cet acci- 
dent terrible, and those who have experience 
of it will agree that it is a just description. 
It is therefore strange that references to the 
subject in the English literature are difficult 
or impossible to find. It is well recognised 
on the continent of Europe and is often re- 
ferred to as le syndrome P.H. ( paleur hyper- 
thermie). 1 have therefore recently en- 
deavoured to obtain some information on the 
subject and to provide a short and more 
readily available account to place on record. 
Eleven papers have been found—most of 
them by continental writers. The two best 
papers, of which I have been able to obtain 
copies, are written, one by Krarup of Odense 
(1944) and the other by Goufas of Athens 
(1946). Many authors have written on 
post-operative shock with pyrexia, but do 
not refer to an associated and _ peculiar 
pallidity and dryness of the skin which con- 
stitute the chief signs of Ombredanne’s syn- 
drome. The late Sir W. de Courcy Wheeler 
referred once to “that bug-bear of cleft 
palate surgery, hyperpyrexia,” but did not 
describe the syndrome nor give any indica- 
tions as to treatment. 


The syndrome is chiefly observed in chil- 
dren aged from a few days to eighteen 
months, but a number of cases have been 
recorded in older children following opera- 
tions for such conditions as acute mastoid, 
hernia. phimosis and talipes, but the 
majority appear to have followed operations 
for angioma of the face or head and clefts 
of the lip and palate. It is stated ihat 
physicians also occasionally encounter the 
syndrome in infants who have had no opera- 
tion, and it has followed operations which 
have heen done entirely under local anaes- 
thesia (Bertoin quoted by Krarup, 1944). 


To be called at night to see a child on 
whom one has operated the same day and 
be told that the patient is very white, is 
breathing rapidly but is very hot, may fore- 
tell tragedy; for within a few hours, do what 
one may, death may have ensued. As one 
looks at the child one is struck by its strange 
pallidity, corpse like in colour, attitude and 
rigidity, its lips bloodless, or nearly so, its 
respirations shallow and rapid; on placing 
one’s hand on the child’s brow the intensity 
of the heat is totally unexpected and alarm- 
ing. The skin is dry, there is no sign of 
sweating and the pulse is small and rapid. 
The temperature is probably at least 104° 
and one is fortunate if it is no more, for 
if it remains at this for long it rises further 
and becomes irreversible. The child becomes 
comatose, the temperature rises to 106° or 
107° or more (in one of the writer’s cases 
the thermometer registered 109° in the axilla 
ten minutes after death), and death occurs 
between twelve and twenty-four hours post- 
operatively, apparently from myocardial 
fatigue and syncope. The clinical picture is 
that of a thermostat run completely wild, 
except that, of course, in infants thermos- 
tatic control has not been stabilized. 


(In adult fever therapy it has been found 
that if the temperature is allowed to rise 
above 107° it may be irreversible. ) 


Other physical signs which have been noted 
are a certain degree of opisthotonos, con- 
traction of the abdominal muscles, a raised 
cerebro-spinal fluid pressure, but the fluid 
clear and sterile with normal cytology. 


Armingeat observed acidosis in _ the 
majority of cases, he was unable to deter- 
mine its origin but thought it played an 
important role. 


INCIDENCE. 


Between nine and ten years ago, I ex- 
perienced two cases of this syndrome, one 
following a harelip operation, and one a 
cleft palate. Each case ended fatally. and 
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each showed what was subsequently recog- 
nized as a typical Ombredanne’s syndrome, 
but which, I regret to say, was not recog- 
nized at the time as such; nor could any 
information be obtained on the matter. No 
sign or suspicion of post-eperative hvper- 
pyrexia has been seen since, which corres- 
ponds with the adoption of complete 
controlled mother-nursing and the various 
associated modifications in pre- and _post- 
operative care associated therewith. 
(Pickerill, H. P. and Pickerill, C. M., 1945, 
and Pickerill, C. M., 1948.) 


In Veau’s cleft palate clinic in Paris, said 
to have been the largest in the world, post- 
operative hyperpyrexia was the cause of 13 
deaths among 500 cases reviewed, that is to 
say, 2.6 per cent. In the clinic of Johan 
Ulrich in Denmark, a review of 744 patients 
operated on for cleft palate and harelip and 
practically all of whom were anaesthetized 
with chloroform, the syndrome occurred in 
1.2 per cent. of cases, all apparently fatal. 
Nevertheless, Ulrich’s overall post-operative 
mortality was double that of Veau’s, doubt- 
less due to his choice of an anaesthetic which 
is excellent for the surgeon but not quite so 
good for the child. It is also interesting to 


note that Ulrich records that a change in . 


method and apparatus for anaesthesia 
(though not of anaesthetic) was quickly 
followed by 3 cases of hyperpyrexia. 


It should be said that Veau was a most 
capable surgeon for whose work the writer 
has great admiration. The “Veau slide” 
operation completely revolutionized the 
treatment of bilateral cleft palate, and, for 
the first time, rendered satisfactory results 
possible. 


PATHOLOGY. 


Meningitis, fulminating broncho-pneu- 
monia, acute infection, pulmonary oedema 
following anaesthesia, trauma — especially 
osseous, haemorrhage and swallowing of 
blood, deficient hormonal secretion, excess of 
thymus secretion, and shock, have all been 
advanced by various authors as the cause 
of hyperpyrexia pallida. 


Each, however, fails to fit in with the 
extremely rapid onset; the hyperpyrexia with 
superficial vaso-constriction and fatal termi- 
nation within twenty-four hours, “Thymic 
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death” is a quick syncope without any pre. 
liminary pyrexia. Ombredanne himself i: ter. 
preted the syndrome as “A traumatic s}iock 
of the medulla oblongata” and subseg vent 
necropsies have shown that he was tore 
nearly correct than anyone. There is 4 
certain similarity to asphyxia pallida which 
has been described as “a state of shock.” [t 
has been shown that if the umbilieal cords 
of full term guinea pigs are occluded for 
eight minutes, the cyanosis disappears and the 
animal becomes blanched (Windle and 
Becker, 1943) but no mention is made of 
any accompanying pyrexia, nor explanation 
of the phenomenon. Plastic surgeons see 
two similar conditions in tubed pedicle 
grafts sometimes. Such a graft may, instead 
of remaining pink after transposition, be- 
come either blue or white, and the very 
white graft is more to be feared than the 
blue. The blue graft is usually due to 
anoxia and retained carbon dioxide from 
mechanical obstruction and may recover. 
but a white one I think is due to spasm of 
the adventitious vessels of supply—it rarely 
recovers. 


Necropsies. 


These have all failed to show any changes 
in any tissues or organs other than the brain. 


The following findings have been recorded: 


On removal of the vault, there is evident 
a hypertension of the whole brain which may 
tend to herniate as the cranium is opened: 
considerable congestion of all cerebral ves- 
sels; numerous punctate haemorrhages, en- 
gorgement of the choroid plexuses; some 
dilatation of the ventricles and, in one case. 
“collections of partially organised fluid.” 


Hartman (1937), reporting on autopsies 
on 3 adults who had died of fever therapy at 
temperatures of 107°, found cerebral oedema 
and haemorrhages, and in subsequent ther- 
mal experiments on dogs he found exactly 
similar changes which he attributes to 
oxygen-want induced by the higher metabo- 
lism rate, and points out that of all tissues 
the brain is least able to bear this. An 
early experiment by Ott in 1884, quoted by 
Goufas (1946), has an interesting bearing 
on these questions. A rabbit is subjected 
to pigtire and in two hours develops a ten- 
perature of 40° C. The next day, the tem- 
perature having fallen to normal (39 ) 4 
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second pigtire is done, and in one hour the 
temperature is 42.8° (109° F.). Neamoins 
animal, mange, marche, ne presente aucun 
trouble appreciable et meurt dans la nuit. 


It would seem to be clear then that 


Om)redanne’s syndrome must be regarded 
as an acute post-operative encephalopathy. 


Anoxia. 

Several authors definitely associate the 
initiation of the syndrome with anoxia and 
excess carbon dioxide. in this connection 
the findings of Haymans and Boukaert (Best 
and Taylor, 1950) are of interest. These 
investigations showed that the cells in the 
carotid body are peculiarly sensitive to 
anoxia and excess of carbon dioxide, causing 
“a reflex vaso-constriction and a rise in blood 
pressure,” and also that compression of the 
carotid below the sinus produces cardiac 
acceleration, ““vaso-constriction and liberation 
of adrenalin.” 


In addition, it has been shown (ibid. 
p. 340) that the facial nerve is apparently 
the only nerve carrying dilator fibres to the 
cerebral vessels, and that these travel, via 
the geniculate ganglion, the great superficial 
petrosal and the internal carotid nerves. 


It is suggestive that all the above pheno- 
mena may inadvertently occur during sur- 
gery. The carotid may be unwittingly com- 
pressed by the anaesthetist’s fingers in hold- 
ing the jaw forwards, a mouth gag may be 
too widely open, thus constricting the air- 
way, and there may be periods of anoxaemia 
and excess carbon dioxide. Also there 
is a tendency now-a-days to substitute 
mechanism for clinical judgement, and if 
the former fails to function perfectly (as 
far as my experience goes and the reading 
of that of others) it nearly always means 
anoxia for the patient. No mechanism will 
detect, so instantly as the human eye, that 
slight darkening of the blood which spells 
oxygen want and which, by the immediate 
increase of the oxygen supply (from the 
only cylinder joined up), can be seen to be 
as instantly relieved, provided there is no 
physical obstruction. The surgeon ‘nay be 
stimulating the facial nerve and the assis- 
tant not able to keep the airway clear 
because “the sucker’s not working.” All of 


which things may produce effects converging 
in one direction—the dilatation of cerebral 
vessels and vaso-constriction elsewhere; and 
hence producing a condition of cerebral 
stasis; with raised intra-vascular pressure. 


Hustin (1937) after a series of observa- 
tions during a variety of surgical operations 
concludes that “surgical operations are habi- 
tually followed by a syndrome of “vaso- 
constriction hyperthermia” and shows 
numerous charts of temperatures of rectum, 
hand and foot, taken with recording ther- 
mometers to prove this. 


One chart shows similar reactions in a 
case in which ether was administered but 
no operation done. He maintains that as 
the peripheral pallor appears, the local 
temperature rises, that “hyperthermia and 
vaso-constriction are two phenomena _inti- 
mately connected” and that operative trauma 
and the anaesthetic interact to produce the 
syndrome. 


But the fever and pallor in these cases, 
although fairly constant according to Hustin, 
is of minor degree. Yet it can be realized 


that a syndrome of this kind having once 
been initiated in a perhaps predisposed child, 
if it is not detected and early steps taken for 
its arrest, may have a cumulative effect and 
a vicious circle be set up in which the rising 
temperature by its own action, and by the 
creation of a rising but unfulfilled demand, 
for more oxygen will have an adverse effect 
upon the heat regulating centre of the 
medulla and the latter, by reason of its 
disturbed metabolism may not determine, as 
it should do, a vaso-dilatation and sweating, 
but rather a vaso-constriction with a dry 
skin and induce a higher temperature which 
would again react on the brain cells. We 
have seen above that experimentally it has 
been shown that hyperpyrexia causes cere- 
bral damage, and that cerebral damage, that 
is, pigtire, causes hyperpyrexia. 

Neurogenic Shock. 

Lapasset (quoted by several authors) re- 
gards the syndrome as dependent on neuro- 
genic shock and claims to have eliminated 
it entirely by always operating. even in 
infants, under combined local and general 
anaesthesia. 
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In this connection it may be noted that 
Guillet and Estragnat (1948) quo ed by 
Brown, A. E. (1949), record a 
severe post-operative shock with pyrexia 
(104.9°) twenty-four hours after lumbar 
sympathectomy, in which it is stated that 
neither haemorrhage nor muscle damage 
played any part. After injection of the 
right carotid sinus with 1 per cent. procain 
the temperature began to fall and ihe blood 
pressure to rise almost immediately, and, 
in a few hours, became normal and remained 


case of 


so. 
Psychic Shock. 

Ombredanne thought that the crying at 
the beginning of narcosis, the incomplete 
alleviation of pain during operation and 
post-operatively might reflexly initiate a 


pyrexia. 


That some infants in hospital suffer from 
fright is indisputable, since they can neither 
run away from it, nor tell of it, nor be 
comforted by their mothers, fright is re- 
solved in some physical manner and possibly 
some change in metabolism. “Even very mild 


excitation of psychic centres exerts an in- 
fluence on vascular mechanism.” (Best and 
Taylor, p. 287). One can readily see 
evidence of sympathetic stimulation; ihe 
lachrymal secretion, the drooling saliva, the 
dilated pupils, the pallid skin, with an 
associated restless turning of the head. 
Abnormal hormone secretion. though not so 
obvious, probably occurs. An infant in such 
a condition of psychic shock pre-operatively 
might well provide a favourable ground for 
the post-operative development of hyper- 
pyrexia pallida. 


An older child writing a spontaneous : ub- 
jective description of a simple tonsillectomy, 
ends with “It was a terrifying experience.” 


A new relationship between emoticn and 
physical changes in distant tissues has been 
demonstrated by Grace, Wolff and Wolff 
(1950) who showed that unexpressed anger 
and resentment are associated with hyper- 
function and hyperaemia of the colon, and, 
if sustained, leads to petechial haemorrhages 
and ulceration. Experimentally they found 
that lysozyme (from tears) fed to dogs led 
to ulceration in the upper alimentary tract. 
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No records of blood pressure readings o; 
pressure of the cerebro-spinal fluid have } cy 
found, though they possibly exist. ne 
writer admits the omission, but states that 
the emergency seems to be so desperate ‘hat 
there is no time for this to be done. Anothe: 
curious omission noted in the literature js 
that there is no reference by the surgeons 
concerned, and this includes the present 
writer, to any suspicion that anything was 
wrong at the end of the operation which 
parallels Ott’s laconic description of the 
piqured rabbit. One author mentions the 
fact that the patient’s face was observed to 
go suddenly pale during the operation. 
Hunter (1949) has described “a new iype 
of encephalopathy” following general anaes 
thesia in which the post-mortem findings are 
extraordinarily similar to those enumerated 
above for Ombredanne’s syndrome, namel) 
softening of the brain, oedema, increased 
pressure and punctate haemorrhages. He 
notes that 5 cases occurred following radical! 
mastectomy, and also that in 3 other cases. 
local anaesthesia was used. Only in one 
case (the 9th) is reference made to iew- 
perature. In this case the temperature began 
to rise during the night after operation and 
remained at over 100°, which would not be 
called hyperpyrexia, and there is no reference 
to any extraordinary pallidity or dryness of 
the skin. The course of the illness is more 
prolonged — up to several days. and death 
is brought about by respiratory infection. 
He states “No non-fatal case of the condition 
has been observed so far.” 


The similarity in pathology and outcome 
is striking and it is possible that they may 
turn out to be the same in origin but varied 
in signs and symptoms according io ihe age. 
concomitant pathology and general resis- 
tance of the patient. In adults, of course. 
the heat -regulating mechanism is _ well 
stabilized and temperature would not ihere- 
fore be so likely to be affected. 


TREATMENT. 


There is no evidence that anything has 
been evolved so far which has proved i» be 
satisfactory, and this can only be expe ted 
if physical cerebral changes have alrvad) 
occurred. The first reaction, and one snen- 
tioned by most writers, is to sponge the 
patient with cold water to bring down the 
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temperature. This it accomplishes tempor- 
arily, but it probably results in an increased 
vaso-constriction and the temperature rises 
again, and both of these will throw an in- 
creased strain upon the cerebral vessels and 
cells. Immersion in a cold bath at 17° C. 
(62.6° F.) for three minutes is advised by 
Mave Nielsen and he claims thereby to have 
saved two infants whose temperatures were 
104 and 106°. It would seem more rational 
to use vaso-dilators combined with a slow 
current of cool air over the exposed body. 
Ombredanne advised mustard plasters to 
the chest. Lumbar puncture is claimed io 
produce considerable improvement if done 
in the earlier stages. Withdrawal of up to 
5 cc. of fluid is recommended (Bertoin, 
Gauchois, Kuhn). With these claims, how- 
ever. Ombredanne disagrees. Cool to cold 
rectal lavages and administration of oxygen 
are recommended by the latter. Injections 
of adrenalin and analeptics and _ blood 
transfusions have also been used, but these 
would not seem to be justified by what is 
known of the pathology of the syndrome. 


Intra-venous saline and hypodermoclysis 
have been found to cause further elevation 
of the temperature. No reference could be 
found to the use of procain injection into 
the region of the carotid sinus in the treat- 
ment of this condition in infants as suggested 
by Brown (1949). Up to 20 ce. of 1 per 
cent. procain is used for adults in shock with 
pyrexia. Creyssel and Suire (1949) quote 
cases of the dramatic rescue of moribund 
patients in shock with pyrexia by this means. 
An American anaesthetist (Burford, 1940), 
after discussing hyperthermia following 
anaesthesia states that “the condition of 
hyperthermia is of rare enough occurrence 
scarcely to cause concern about its pre- 
vention.” With this sentiment, which relates 
to a condition which may cause a mortality 
rate of 2.6 per cent. (Veau), few will agree. 
Burford thinks such cases occur only in 
very hot summer days. A raised external 
lemperature is not mentioned by any other 
author, nor was it the experience of the 
present writer. 


A very gloomy outlook of treatment is 
summed up by Krarup (1944) “Probably 
neither prophylactic nor therapeutic medica- 
tion will be of much use.” 


5 


COMMENT. 


How is the syndrome started? One is 
tempted to reflect that under the stress of 
gradual and repeated losses of oxygen there 
is established a compensatory glycolysis 
(aerobic cells becoming compulsory 
anaerobic, [Warburg]) especially in those 
brain cells whose corporate development is 
not yet stabilized. The cerebral cells would 
thus come to depend in their survival—stress 
on an adequate supply of glucose and if ihis 
was not available the change in each cell 
would become “irreversible.” One result of 
such glycolysis would be development of 
lactic acid as a metabolite which, owing to 
a condition of partial acidosis probably 
already present (Armingeat), would not be 
readily neutralized. Local brain cells would 
therefore exist in an increasingly acid 
medium and their function would obviously 
be perverted or arrested. Jefferson (1944), 
writing of cerebral oedema, refers to ihose 
patients who are “hardest hit by it in the 
metabolic crisis of hyperthermia which leads 
to death.” He further states that haemorr- 
hage and oedema (of the brain) are not 
necessarily the result of an injury, but it 
is obvious that similar effects are due to 
chemical or metabolic injuries accompanied 
by changes in vascular pressure. If, during 
artificial pyrexia, heat stroke inadvertently 
occurs at 107° it is said (Neymann, 1937) 
that lactic acid in the blood may in- 
crease by 300 per cent. An overdose of 
atropine (relative to the idiosyncrasy of the 
patient) may, by diminishing sweating and 
contracting peripheral blood flow, contribute 
to the initation of a pyrexia. It is very 
unlikely that this syndrome has only one 
specific cause; it is more likely to be due 
to the coincidental combination of several 
factors. Professor Bennet-Clark (1951), 
known for his work on the inter-relationships 
of respiration and secretory or accumulation 
mechanisms in plants, concludes a_ recent 
paper thus: “Interference with the normal 
processes of respiration is at once accom- 
panied by outward diffusion of solutes and 
reduction of the internal excess hydrostatic 
pressure on which the mechanical strength 
and rigidity of the tissues depend.” This 
principle may well apply to animal cells, 
and may help to explain the initial mechan- 
ism of the changes in brain cells of infants, 
leading to hyperpyrexia. 
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These _ post-operative encephalopathies 
would seem to fall into line with the newer 
conception of congenital abnormalities being 
produced by those maternal accidents during 
early pregnancy, which involve periods of 
foetal anoxia and the circulation of toxins 
(c.f. mongolism, cataract and deaf mutism) 
but the kind of malformation, that is to say, 
cell dysplasia produced being determined by 
the timing of the incident with the stage of 
development of the foetus (Warkanny, 1943 
and 1947). Similarly the effects of operative 
incidents, plus pre- and post-operative inci- 
dents, may be due to the selective effect of 
such occurrences on the locus minoris resis- 
tentiae of that particular patient at the 
particular time. An anaesthetist once said 
to me “that is the first cleft palate operation 
I have seen.” To the remark that he must 
have given many anaesthetics for such 
operations, he admitted that that was so, 
but that there was often so much blood in 
the mouth that he could not see anything. 
This means, in an infant, loss of carrying 
power of oxygen as well as loss of absorp- 
tion of oxygen by obstruction. It is true 


that under these circumstances each red cell 
may take up more oxygen to which un- 


fortunately it clings tenaciously, and declines 
to give it up to the tissues, so that, although 
there is no obvious blood anoxia, there may 
be a very serious tissue anoxia — felt first 
and worst by the cerebral cells. 


An infant which has become cyanosed 
during operation, especially if cyanosis is 
accompanied by much bleeding and dehy- 
dration, even if it apparently recovers, has 
probably suffered a serious crisis and pos- 
sibly some cerebral dysplasia, the effects of 
which may not be seen for some time. 


An arresting fact is that 2 ozs. of blood 
lost from a 10 Ib. infant is equal to 14 pints 
from a 150 Ib. man. 


The writer asked a class of post-graduate 
nurses how much blood they thought it 
would be safe for a 10 Ib. infant to lose. 
The answer was “4 ounces.” When it was 
pointed out to them that this equalled 3 
pints from a 150 lb. man, or 40 per cent. of 
the total blood of the infant, these ex- 
perienced nurses were very shocked (it is 
just possible that some surgeons might be. 
too) but it is very certain that the patient 
would be. 


Another important thing to remember is 
that a 15 lb. infant requires for its normal 
metabolism, at the very least, 1 cc. of oxygen 
every two seconds, and, if anything, the 
seconds are more important than the cc.’s, 
for an infant cannot tolerate delay in supply. 
Obstruction to the airway from any cause 
for two minutes may mean 60 cc. of oxygen 


. lost. 


These demands are rendered the more im- 
perative because in these patients haemo- 
globin is often very low—from 65-80 per 
cent. only. This has sometimes to be 
countered by postponing the operation so 
that a course of iron may be given, and by 
paying particular care to see that the blood 
is well oxygenated during operation. 


It is said that infants do not perspire, but 
during an operation some certainly do and 
thus may lose appreciable amounts of water 
and chlorides. If this is not counteracted 
it may upset the balance seriously. But we 
like to see it and counter it with the rectal 
drip. Anyone who has experienced the 
parched, dry, burning, dead-white skin of 
hyperpyrexia in an infant will always be 
thankful to see a little sweat, for it means 


- that the thermostat is working. 


From consideration of all the above facts. 
direct and relative, it would seem that 
Ombredanne’s syndrome rests upon the trio- 
logy of anoxia, acidosis and fever, and 
these by interaction produce a fulminating 
encephalopathy which in turn causes vaso- 
constriction, the strange pallor and dryness 
of the skin and hyperpyrexia. 


MetTHODS ADOPTED FOR PREVENTION 


A well known surgeon once said that “the 
best time to overcome one’s post-operative 
difficulties is before one starts the operation.” 
Soon after the occurrences of the two cases 
of hyperpyrexia noted above, we took this 
advice by establishing a small hospital » here 
all those factors likely to be inimica! to 
these infant patients, could be excluded, and 
every beneficial factor, no matter how difli- 
cult, could be adopted. (For a description of 
this clinic see “Elimination of Cross infec- 
tion,” Brit. Med. J., 1945, vol. ‘1, page 159. 
Lancet editorial 18 Oct., 1947 and Nursing 
Mirror [London], 16 Aug., 1947.) 
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In this clinic in which every infant is 
nursed entirely by its own mother in a 
single room, all the elements which ap- 
parently contribute to the occurrence of 
Ombredanne’s syndrome have been elimi- 
nated since 1942. Mother nursing has been 
adopted specifically so that the infant patient 
may have the advantage provided by provi- 
dence of being immune to its nurses 
organisms, and thus avoid one of the 
dangerous sources of cross infection. All 
dressings are done in the theatre under short 
anaesthesia. On principle it has been thought 
better not to use antibiotics unless and until 
they are specifically indicated, and that but 
rarely. 

Anoxia has gone completely by giving 
oxygen bubbled through ether continuously 
from the start of the anaesthetic, and by a 
constant watch on the blood-colour. Dehy- 
dration and lack of glucose is avoided by 
provision of a rectal drip of glucose saline 
from the start; this is always readily and 
completely absorbed—which is evidence of 
demand. It cannot be too often reiterated 
that there are two things which infants can- 
not tolerate under any circumstances—loss 
of oxygen and loss of fluid, and that loss of 
blood means both. 


The rectal route is preferable to the intra- 
venous one, because the fluid is detoxified 
by passing through the liver or other cells; 
and pulmonary oedema cannot possibly take 
place. Predisposition by psychic shock is 
eliminated by the mother; and a happy, 
well-fed, uninfected infant comes to the 
theatre. What happens to these little patients 
during the first hour after surgery? Is this 
usually revealed to the surgeons precisely 
and in detail? In these days of shortage of 
trained nurses in the wards it is a danger 
point. Such immediate post-operative inci- 
dents we have avoided by keeping each 
patient in the theatre for one hour under 
the observation of a non-sterile nurse, so 
that a doctor, who knows exactly what has 
been done, is immediately available should 
necessity arise; also the temperature is re- 
ported before the patient leaves the theatre. 
Post-operative shock has also disappeared, 
due partly to the above precautions and also 
to the avoidance of long operations, by 
doing every operation as gently as possible, 


substituting stage operations when indicated, 
and avoiding the division of visible arteries 
and nerves. (A doctor who, owing to a 
gun-shot wound in an isolated region, had 
had his leg amputated below the knee with- 
out an anaesthetic, told the writer that he 
could stand the skin incision, and the saw- 
ing of the bone was just bearable, but the 
application of artery forceps was “abso- 
lutely unbearable,” and caused a dreadful 
feeling in his solar plexus every time.) 


There is the further reason that division 
of blood vessels means delay in healing and 
promotion of sloughs, which used to be so 
common and so tragic. By always remem- 
bering that infant patients are very easily 
exsanguinated, and that blood lost is oxygen 
lost, it has not been necessary on any 
occasion to use either blood or plasma paren- 
terally. We believe that it is better surgery 
and very much better for the patient that 
it should retain its own blood, rather than 
be supplied with someone else’s — possibly 
a little late; for it is doubtful, especially in 
infants, if stored blood can convey oxygen 
to exhausted brain cells sufficiently quickby, 
and in sufficient amount to be of value. 


The anoxia due to the mouth gag in some 
cleft palate cases (with hypoplasia of ihe 
mandible) has been avoided by doing the 
operation without a gag—a little more difh- 
cult for the surgeon but very much better 
for the patient. Very gentle handling of 
these small patients and very simple methods 
of anaesthesia are extra but necessary pre- 
cautions. In addition no operation is ever 
done with a falling or stationary weight 
chart—there must always be a good rising 
slope, and for this mother-feeding, which 
cannot be equalled in any other way, is 
responsible. It would therefore seem to be 
not entirely due to fortuitous coincidence 
that there has been no sign of hyperpyrexia 
pallida in the last 2,000 operations, all with- 
in the susceptible age, and that the overall 
post-operative mortality rate has fallen to 
.39 per cent. (In addition, there has not 
been a single failure of any cleft palate, nor 
a single case of cross infection.) If we had 
experienced the same post-operative mor- 
tality as in Veau’s clinic in Paris, we should 
have had at least 25 to 30 deaths from 
hyperpyrexia, but we have had none, and 
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this alone has justified the establishment of 
the hospital. Our post-operative mortality for 
cleft palate alone is .6 per cent. (demon- 
strating the increased risk in these opera- 
tions) but for cleft palate operations at the 
Birmingham Children’s Hospital — Parsons 
Block, the post-operative mortality rate is 
3.4 per cent. (personal communication, 1950, 
by the surgeon in charge, Mr. V. S. Brooks). 


For confirmation of this and for other 
interesting factors and figures relating to 
post-operative mortalities and cross infec- 
tions, at this now famous hospital, the 
reader is referred to communications by 
Professor Smellie, physician, and Dr. K. B. 
Rogers, pathologist at the Royal Society of 
Medicine (1949 and 1951). From all of 
which it is quite clear that an infant guarded 
by all the precautions enumerated above, 
plus mother-nursing in a single room, has 
five times the chance of survival that it 
would otherwise have in the very best and 
most modern of hospitals. 


(If | may be pardoned the criticism, there is 
just one mistake my old fellow student, Leonard 
Parsons made in designing his “block,” namely to 
put 2 infants into each “germ proof” plate glass 
cubicle. For, as the investigations of the pathologist 
show. a new infant on admission to the cubicle, 
very quickly in the matter of hours or a day, 


becomes infected with the same organisms as the _ 


other infant.) 
REFERENCES. 


Bennet-Crark, A. A. (1951), Endeavour, vol. 39, 
page 151. 

Best, C. H. and Tayzor, N. B. (1950), “Physio- 
logical Basis of Medical Practice.” Baltimore. 
Williams and Wilkins. 


THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY. 


Brown, A. E. (1949), Aust. N.Z.J. Surg., vol. | 
page 237. 
Burrorp, G. E. 
page 208. 
CreyssyL, J. and Suire, P. (1949), “Choc trau 

tique.” Paris, Masson et Cie. 
(1946), 


(1940), Anaesthesiol., vol. 


Gouras, G. Ann. Oto-laryng., vol. 
page 14. 

Grace, W. J.,. Woirr, S. and Worrr, H. G. (19 
Quoted in Brit. Med. J., leading article, vo!. 2. 
page 450. 

Hartman, F. W. (1937), J. Amer. 
vol. 109, page 2116. 

Hustin, A. (1937), Mem. Acad. Chir., 
63, page 530. 

Irish, H. E. and Srepuen, C. E. (1939), Amer. | 
Dis. Child., vol. 58, page 330. 

Jerrerson, G. (1940), Medical Annual, 

Krarup, T. (1944), Acta oto-laryng. 
51, page 219. 


Med. As 


Paris, 


page 224 

Stockh... vol. 

NeyMann, C. A. (1937), “Artificial fevers.” Balti 
more, C. Thomas. 

OmpBrepanngE, L. (1925), “Precis 
operative de chirurgie infantile.” 

PickeriLL, C. M. (1948), Brit. J. 
vol. 2, page 16. 

Pickerttt, H. P. and Picker, C. M. 
Brit. Med. J., vol. 1, page 159. 

Rocers, K. B. (1951), Proc. R. Soc. Med., vol. 44, 
page 519. 

Smetur, J. M. 
42, page 636. 

Warkany, J. (1947), 
New York, Interscience Publishers. 

—, and ScHRAFFENBERGER, E. (1943), Proc. Soc. 
exp. Biol., N.Y., vol. 54, page 92. 

Winoie, W. F. and Becker, R. F. (1943), Ame 
J. Obstet. Gynec., vol. 45, page 183, quoted by 
Lucas, B. G. B. (1950), Proc. R. Soc. sled 
vol. 43, page 449. 


clinique et 
Paris. 
plastic Surg 


(1948). 


(1949), Proc. R. Soc. Med., vol. 


“Advances in Pediatrics.” 





ISCHAEMIA OF THE LEG FOLLOWING CLOSED 
INJURIES OF THE POPLITEAL ARTERY. 


By S. F. Rew anp G. McKenzie. 


Prince Henry’s Hospital, 


TPE disturbances of circulation in the leg, 
| which follow obliterative disease of the 
popliteal artery, are commonly encountered 
in practice. These conditions are now well 
recognized and the whole subject has been 
adequately covered in the literature. 

Penetrating wounds involving the popliteal 
artery were seen in numbers during the war, 
and many were reported. The diagnosis and 
management of these cases was admirably 
summarized in M.R.C. Memorandum No. 13 
(1914). These injuries are rare in civilian 
prac tice. 

Ischaemia associated with closed injuries 
of the upper extremity has been the subject 
of some attention because of the occasional 
sequel of Volkmann’s contracture. For 
years, however, speculation upon the genesis 
of the presenting muscular manifestations 
largely ignored the other evidence of 
ischaemia in the arm. Griffiths (1940), in a 
classical review of the subject, convincingly 
presented the evidence for arterial ischaemia. 


Though probably no less common, closed 
injuries of the lower limb with ischaemia 


have not excited as much interest, except in 
their association with the crush syndrome. 
The effects on the limb itself were either 
transitory or, if severe, frequently over- 
shadowed by the ensuing renal failure, and 
it was in this guise that most of these cases 
were reported. Clinically demonstrable vas- 
cular occlusion was not always present after 
release of the limb from compression. The 
muscle ischaemia of sufficient degree and 
duration, which appears to be the essential 
fons et origo of crush syndrome anuria, was 
apparently produced by temporary compres- 
sion of the vessels more commonly than by 
permanent occlusion. In fact, some re- 
establishment of circulation through the 
damaged muscle appears to be necessary for 
the « development of the crush syndrome. 


Melbourne. 


Closed trauma to the lower limb followed 
by significant permanent ischaemia has re- 
ceived very little attention in the literature 
and, apart from an excellent review by 
Dodd (1934) with presentation of three 
cases, only sporadic case reports appear. 

This communication presents a 
series of closed injuries about the knee in 
which permanent occlusion of the popliteal 
artery resulted. 


small 


It is felt that these cases may emphasize 
the absolute necessity of examining the 
peripheral pulses in all cases of significant 
injury in the limb. The opportunity is taken 
to review the evidence of viability in acutely 
ischaemic limbs. 

A review of the anatomy of the popliteal 
artery. 

The popliteal artery commands particular 
respect in considering injuries about the 
knee joint. The details of its anatomy are 
not of particular concern but it should be 
noted that this artery: 
poor collateral circulation, 
of anastomoses between 
branches of the descending and “pos- 
terior” geniculars, anterior tibial, pos- 
terior tibial and peroneal arteries; 


(i) has a 
which consists 


(ii) gives origin to most of the vessels 
which contribute to its collateral circu- 
lation within the popliteal space and its 
extensions ; 

(iii) lies deep in the fossa closely applied 
to the popliteal surface of the femur, the 
back of the knee joint and the popliteus 
muscle; 


(iv) is tethered at each end of the space 
in which it lies. Above it is fixed at the 
opening in the adductor magnus muscle. 
Below it is anchored, just beyond the 
popliteus muscle, by the anterior tibial 
artery passing sharply forward through 
the interosseous membrane. 
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The juxtaposition of the vessel to the 
posterior surface of the skeletal structures, 
and its fixation at either end render the 
artery liable to distraction in length as the 
result of hyper-extension at the knee, or 
similar injury to the other skeletal boun- 
daries of the space. In its minor forms the 
result of this injury will be manifest as a 
“spasm” or intimal disruption with throm- 
bosis. By virtue of the poor collateral 
circulation a limited spread in continuity of 
the thrombus, or its migration as an embolus, 
will obstruct the mouths of the critical 
collateral vessels. The most severe grades 
of stretch will result in complete rupture 
of the vessel with haematoma formation in 
the space. This will seriously interfere with 
circulation in the collaterals by compression 
within the space. 


It follows then that damage to the popli- 
teal artery, by closed injury, whether the 
vessel is ruptured or not, is likely to be 
followed by serious impairment of the 
critical collateral circulation. 


The presenting skeletal injury. 


In the cases presented in this report the 
skeletal injuries were: 

(i) dislocated or disrupted knee; 

(ii) fracture of the upper tibia and fibula. 


The other possibilities, though not in- 
cluded in this series, are either a fracture 
at the junction of the lower and middle 
third of the shaft, or a supra-condylar frac- 
ture of the femur. 


The vascular injury. 
The possible vascular injuries, the result 
of non-penetrating trauma, are as follows: 
(i) “Spasm” due to local concussive 
effect. 
This is most commonly the sequel 
of penetrating injuries and per se 
causes only temporary vascular oc- 
clusion. It was not seen in this 
series. 
Contusion with thrombosis. 
Thrombosis is unlikely unless there 
is intimal damage in the vessel. This 
group should accordingly be in- 
cluded with (iii) (a) below. 
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(iii) Rupture. 
(a) Incomplete—inner coats o1\|; 
with retraction and thrombosis. 
(b) Complete—the whole vessel 
torn across and the ends retracted. 
(iv) Laceration. 
(a) Incomplete. 
(b) Complete. 
In closed injuries this could 
be due only to fracture with 
laceration of the vessel on 
the bone ends. 


In the group of patients here recorded it 
would appear that the mechanism is a 
stretch injury; 

(a) with occlusion due to intimal 

ture with thrombosis but with no haemorr- 

hage, and 

(b) with occlusion due to complete rup- 

ture and with perivascular haematoma 

formation. 


rup- 


In the former, shift of the thrombus may 
occur and embolism will result at the next 
major bifurcation of the vessels, that is to 
say, the lower end of the popliteal artery. 


Whatever the mechanism of interruption to 


blood flow, spreading thrombosis may occur 
peripherally if the collateral circulation is 
poor and there is considerable peripheral 
circulatory stasis. 


Tue DETECTION OF VASCULAR INJURY. 


The patient presents with evidence of 
injury to the skeletal structures of the limb. 
The important point in the diagnosis of 
vascular damage in injured limbs is to sus- 
pect it and thus to examine the peripheral 
pulses in all cases when the trauma has been 
of significant degree. Vascular injuries in 
traumatized limbs are overlooked because 
they are not looked for, and the most im- 
portant point in the examination is the pre- 
sence or absence of the peripheral pulses. 
The usually quoted symptoms and signs of 
ischaemia in a limb are, in the acutely 
ischaemic limb, often confusing. Ischaemia 
is manifest in a limb in all the tissues: 

(i) The skin: 
Temperature — a chronica!ly 
ischaemic limb, by comparison w ith 
the other side, is cold to palpation. 
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It is essential to remember, however, 
that some hours will elapse before 
the skin cools down and it will only 
do so if the environmental tempera- 
ture is below body temperature. Even 
a severely ischaemic limb will be 
warm if it is sufficiently long in a 
warm environment (under a cradle 
or under bedclothes warmed by the 
patient’s body). It acts as an inert 
body and will assume the tempera- 
ture of its surroundings. Further- 
more, all limbs may be really pale 
and cold when there is a high degree 
of peripheral vaso-constriction in 
compensated shock. The evidence 
provided by the temperature of the 
injured limb must, accordingly be 
interpreted in the light of the time 
since injury, the environment before 


examination and by comparison 


with the other side. 

Colour changes— the usually ac- 
cepted colour changes also require 
some qualification. Pallor is the only 


sign characteristic of early acute 
ischaemia. Cyanosis does not appear 
until many hours later. Postural 
colour change is typical only of 
chronic ischaemia, and, in any case, 
is not a practicable clinical test in 
a recently injured limb. Permanent 
colour change (gangrene) does not 
occur for several days. 


The muscle: 

Severe muscle pain and tenderness 
may be present and are charac- 
teristic, but both may be absent if 
there is sufficient ischaemia of motor 
nerves. However, in the latter case, 
there will be paralysis. Volkmann’s 
contracture takes some hours to 
appear. 


The nerves: 

Anaesthesia in the limb or muscle 
palsy may be due to stretching or 
other injuries of the nerve itself. 
When, however, the anaesthesia in 
the skin is of glove or stocking type 
it may be assumed that the nerve 
lesion is ischaemic in origin and that 
there is severe ischaemia in the limb. 
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(iv) The arteries: 

Absence of the pulses is a clear 
indication of the presence of vascular 
occlusion in injuries about the knee, 
this occlusion will be serious. 


From these considerations it appears that 
the examination of the peripheral pulses is 
the simplest, most important and most 
readily assessable method for determining 
the presence of ischaemia in traumatized 
limbs. An adequate routine examination of 
injured limbs should include a brief neuro- 
vascular survey for “damage to passing 
structures.” The absence of the peripheral 
pulses indicates vascular occlusion, which 
will otherwise, at first, be overlooked. But 
even in conjunction with the other manifes- 
tations mentioned above, it does not give a 
clear assessment of the severity of the 
ischaemia. Certainly glove or _ stocking 
anaesthesia is of grave omen but the 
viability of the limb, which is the important 
point at issue, cannot be decided at first 
examination. 


The superficial femoral pulse can be felt 
in the lower portion of the femoral triangle 
below the origin of the profunda femoris 
artery. In the cases under discussion, the 
examination of the popliteal pulse in the 
area of injury may be impossible. If the 
pulses at the ankle are present, then pulsa- 
tion of the popliteal artery may be assumed 
and the vessel is patent. In similar circum- 
stances absence of the pulses at the ankle 
will mean that there is occlusion of the 
popliteal artery. It is to be noted, however, 
that the dorsalis pedis artery is frequently 
(10 per cent.) anomalous and absence of 
pulsation at the normal site of this vessel 
must only be interpreted in association with 
the findings behind the medial malleolus 
over the posterior tibial artery. 


Case Reports. 
Case 1. 


The patient, E.W.H., a male aged 25, a welder 
by occupation, was admitted to Prince Henry’s 
Hospital on 3rd June, 1950. 


While attempting to rescue a girl who had jumped 
into the river, he leapt over a wall and landed on 
a rockery, severely injuring his knee. The type 
of injury was not known. He was unable to move 
the leg below the knee. He was seen at hospital 
half an hour later. 
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General examination showed no significant abnor- 
mality. The right leg showed forward displace- 
ment of the upper end of the tibia on the femur 
and there was fluid in the knee joint. The tibia 
could be readily moved backwards and forwards 
on the femur. There was swelling of the back of 
the right leg and oedema of the skin about ihe 
ankle; there is no record of the state of the pulses. 
The knee was manipulated the same day and a 
complete plaster appiied from thigh to toes. 


Next day he complained of pain in the lower 
part of the leg and the toes were noted to be 
cold. The plaster was split and the pain was 
relieved. Some eight hours later the pain had 
recurred and the big toe was now anaesthetic. The 
anterior half of the plaster was removed. All! pulses 
below the superficial femoral artery were absent 
and the leg was cold down to 3 inches above the 
ankle. Anaesthesia was present over the medial 
aspect of the big toe, and distal half of the medial 
side of the foot. The patient was thought to have 
thrombosis of the popliteal artery. Anti-coagulants, 
heparin and dicoumarol, were administered, and 
controlled in the usual way. Reflex heating was 
instituted and the affected leg left exposed outside 
the bedclothes. 


Next day the circulation had improved and the 
leg was now warm as far as the ankle. In the 
subsequent two days the foot warmed down to 
the big toe and finally this, too, was warm. 


On 9th June, the calf was still very tender and 
next day this patient was first seen by one of us. 


The leg was obviously ischaemic but the col- 
lateral circulation was fairly good. There was no 
swelling in the popliteal fossa, and the last point 
at which pulsation was detectable was the lower 
end of the femoral triangle. There was con- 
siderable tenderness of the muscles of the calf 
and the severe pain experienced in this group on 
dorsi-flexion of the foot led to the provisional 
diagnosis of early Volkmann’s contracture. Anti- 
coagulants were continued. Severe rest pain in 
the toes appeared over the next few days and 
postural colour changes were demonstrable. The 
pain gradually abated and a small ulcer on his 
toe slowly healed. 


On 26th July, a full leg plaster was applied, and 
he went to a convalescent hospital on 28th July. 
He was re-admitted on 21st August. The foot was 
warm to the toes. Movements of the knee were 
commenced. On 25th August, thrombo-phlebitis in 
the course of the long saphenous vein appeared and 
oedema of the foot and ankle was present; this sub- 
sided with careful bandaging and rest. The swell- 
ing of the foot was attributed to deep venous 
thrombosis, together with the superficial venous 
thrombosis, and it probably occurred subsequently 
to the original trauma, and not as part of it. 


He was discharged from hospital on 16th Sep- 
tember in a caliper. 


On the 25th October he was seen by one of us 
and found to have good muscle power in the 
anterior and posterior compartments of the leg; 


there was weakness of the extensor digitorum br, yjs 
and anaesthesia in the first inter-digital ¢|.-{; 
The knee was remarkably stable and the move 
ment was full. The foot was very cold, the calf 
muscles were tender but the popliteal pulse could 
be felt in the upper part of the space. The 
patient at this time was claudicating at half , 
mile. Lumbar sympathectomy was advised and 
was performed on 23rd Nov., 1950. Convalescence 
was uneventful. On the 7th March, 1951, he was 
still developing claudication at half a mile, }ut 
there was no muscle tenderness of the calf and the 
foot was now warm. As the patient was quite well 
able to manage his normal occupation while 
claudicating at half a mile, other procedures were 
not advised. 
Cause 2. 

The patient, J.E., a male aged 34, a showman 
by occupation, was admitted to Prince Henry's 
Hospital on 8th Jan., 1951. 


Three days before admission, his motor cycle |iad 
collided with a truck; he thinks he was thrown 
over the handle-bars. He did not lose conscious- 
ness, but noticed, as he lay on the ground, that 
there was considerab!e deformity at the right knee. 
He was admitted to a country hospital where an 
X-ray of the right knee showed a posterior dis- 
location of the tibia on the femur. There is no 
available record of whether the foot was cold 
before the manipulation, but the patient was 
certain that it was “dead” and that he was unable 
to move the muscles. The knee was manipulated 
under general anaesthetic one and a half hours 
after the injury and a back splint was applied. 
The next day the foot was noted to be very cold 
and he had severe pain in the limb. He was 
unable to pass urine and a catheter was tied in 
He was: nauseated although he did not vomit in 
the next two days. 


When examined on admission his general con- 
dition was good. He was not appreciably shocked 
and the temperature was 99.4°F. The general 
examination showed no abnormality except that 
he was somewhat confused mentally. The right 
leg was in a plaster back slab with the leg exter- 
nally rotated on the thigh at the knee. The limb 
from iower thigh downwards was considerably 
swollen. The foot and lower three inches of the 
leg were cyanosed and the middle three toes were 
black. No pulse could be detected below the 
superficial femoral artery in the lower femoral 
triangle. There was stocking anaesthesia beginning 
about half way between the knee and the ankle. 
There was no swelling of the popliteal fossa. 
There was complete palsy of all muscles below 
the knee and there was, in fact, rigor mortis 
present in almost the whole of the leg below 
knee. The case was diagnosed as traumatic 
location of the knee and popliteal arterial thro 
bosis with a dead limb below the knee. The 
was exposed at room temperature, and_ re! 
heating applied. An immediate assessment of 
renal function was made as the crush syndrome 
suspected because of the patient’s dry tongue 
mental disorientation. The blood urea was 44 
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per cent. and microscopy demonstrated a few red 
blood cells. The haemoglobin was 65 per cent. 
fourteen hours after admission. Some sixteen hours 
after admission, after 2 pints of blood had been 
given. above-knee amputation was performed. After 
further resuscitative measures his condition gradu- 
ally improved and he was discharged on 3rd Feb., 
1951. Dissection of the leg showed internal dis- 
ruption of the artery at the level of the knee joint, 
thrombosis having spread extensively down 
There was 


wit! 
the distal vessels nearly to the ankle. 
no !aematoma in the popliteal space. 


Case 3. 

\.).. a male patient aged 28, was admitted to 
Warrnambool District Base Hospital on 23rd Feb., 
1951. under Mr. J. K. Gardner. 


Two hours previously he had been thrown for- 
ward in front of a tractor which he was driving and 
it came to rest pinning down his left leg. The 
latter was not freed for about ten to fifteen minutes. 
On admission he was mildly shocked and_ in 
pain. There was a complete dislocation of 
the left knee joint, the femur being displaced 
posteriorly on the tibia. The skin was tight and 
there was an abrasion on the postero-medial aspect 
of the knee. The foot was cold and there were 
no pulses about the ankle. Shortly after admission, 
under pentothal anaesthesia, the dislocated knee 
was reduced and the limb was immobilized in a 
Thomas’ Splint. There was obvious improvement in 
the circulation to the foot after reduction, but no 
pulses were detectable at the ankle. Next morning 
he complained of pain behind the knee and there 
was swelling of the calf, but not of the popliteal 
fossa. The foot and toes were warm and of good 
colour. Superficial veins were distended and, 
except for a strip on the medial side corresponding 
to the saphenous nerve, the foot and leg were 
anaesthetic. The only muscle contracting actively 
below the knee appeared to be the tibialis pos- 
terior. It was impossible to dorsi-flex the foot 
passively beyond the right angle and elevation of 
the limb aggravated the pain. On 24th Feb., he 
still complained of persistent pain behind the knee. 
The collateral circulation was thought to be ade- 
quate. On 25th Feb., the foot was blotchy and cold 
and the toes were white and there was some 
spreading oedema about the knee joint. The 
patient looked and felt well and the appetite was 
good. After consultation with Dr. A. E. Brauer, 
it was decided to explore the popliteal fossa and 
carry on with appropriate surgical treatment. 
Under general anaesthesia the popliteal space was 
opened through a vertical incision. There was 
some blood, not under tension, present under the 
deep fascia. The popliteal vein was distended and 
the artery was pulsating to the level of the joint 
below which it was pulseless and constricted but 
in continuity. The incision was extended distally 
and muscles of the upper third of the calf incised; 
they were ischaemic and non-contractile. Ampu- 
tation through the lower third of the thigh was 
proceeded with. Post-operatively one litre of 
blood was given by transfusion. Convalescence, 
except for a small haematoma in the stump, was 


great 
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uneventful. Dissection of the leg after ablation 
showed an adherent blood clot in the popliteal 
artery for a distance of about 1) inches proximal 
to the point of constriction. At this point the 
intima was ruptured with haemorrhage into the 
vessel wall. 


The details of this case were kindly supplied 
by Mr. J. K. Gardner, who considered that the 
collateral circulation about the knee joint was at 
first adequate, and able to maintain nutrition of 
the limb distally, despite the effects of local 
haemorrhage and spasm. With the onset of post- 
traumatic oedema, further and final occlusion of 
the precarious collaterals ensued. 


Case 4. 


The patient, E.R., a plumber’s assistant, aged 
56, was admitted to Prince Henry’s Hospital 6th 
Aug., 1950. Half an hour before admission he had 
been struck by a car and squashed against another 
truck. He was unable to move his right leg. The 
pulse rate was 60, blood pressure 110/70 mm. of 
mercury, and he was mildly shocked. There was 
tenderness all over the lower abdomen and pelvis. 
In the right leg there was tenderness and some 
general sweiling of the leg, maximal about 4 
inches below the knee joint. A deep laceration 
was present on the lateral side of the leg over 
the lower femur and extending down to the knee 
joint. There were no pulses palpable below the 
knee and there is no record of the last point of 
discernible pulse. X-ray showed a comminuted 
fracture of the upper third of the tibia, with 
fracture of the fibula at the ankle. There was no 
appreciab.e displacement. He was considered to 
have a simple fracture of the tibia with laceration 
of the leg and popliteal arterial occlusion. The 
wound was explored, limited blood clot was removed 
from the popliteal fossa and the structures identi- 
fied. The medial and lateral popliteal nerves were 
intact but contused. There was no pulsation to 
be seen in the popliteal artery which was con- 
tused. After stripping the vessel fairly strong 
pulsation returned but the distal extent of this 
pulsation was not determined. The patient’s con- 
dition was poor and a rapid closure was performed. 
Traction was applied to the limb by means of wire 
through the os calcis. Next morning, twenty-four 
hours after the injury, he complained of numbness 
in the foot and inability to move the toes. There 
was stocking anaesthesia to 2 inches above the 
ankle joint. Capillary return was poor and there 
were no pulses present. Administration of anti- 
coagulants was begun and the leg was immobilized 
on a plaster back slab. Three hours later the 
sciatic nerve was injected with novocaine. Sixteen 
hours after operation the patient had not passed 
urine. The blood pressure was 90/65 mm. of 
mercury and the patient was catheterized; 2 oz. 
of urine only were recovered. Four hours later 
the patient began to vomit. The blood pressure at 
this time was 95/70 mm. of mercury, the pulse 
108, and the haemoglobin 65 per cent. Two pints 
of blood were given. On 8th Aug., the general con- 
dition was improved, but the leg was still anaes- 
thetic as before, and there was complete palsy 
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below the knee. In this twenty-four hours he 
passed only 5 oz. of urine, and the blood urea 
on 8th August was 165 mg. per cent. Anti- 
coagulants were continued. Next day the patient 
passed 9 oz. of urine in 24 hours; on 10th Aug., 
he passed 24 oz. of urine. The blood urea was 
now 312 mg. per cent.; the leg was as before 
but was now blue over the foot. On 12th Aug., 
amputation through the lower third of the thigh 
was performed. On 14th Aug., his condition was 
reasonably satisfactory but on the following day 
he deteriorated. His haemoglobin was 54 per 
cent. at this time and the blood urea 327 mg. per 
cent. Two pints of blood were given but he died 
suddenly some twelve hours later. Dissection of 
the leg reveaied partly organized thrombus in the 
lower end of the popliteal artery extending into 
the upper parts of both anterior and posterior 
tibial arteries. Recent clot filled the remainder of 


these vessels. 


Case 5. 
The patient, R.M.S., a timber worker, aged 33, 
was admitted to Prince Henry’s Hospital Ist May, 


1951. 


Three days prior to admission to Prince Henry’s 
Hospital, while playing football, he tried to turn 
on his left ieg, but in doing so his knee “gave” 
and he fell on the left leg. There was immediate 
pain in the leg and he was unable to walk. On 
the way to the local hospital, about half an hour 
later, he noticed his foot becoming cold and numb 
from about six inches above the ankle. He was 
X-rayed at the hospital and a comminuted fracture 


of the proximal third of the tibia with spiral . 


fracture of the proximal third of the fibula was 
shown. There was some overlap in both fragments. 
Under general anaesthesia, four hours after the 
injury, the fracture was reduced with X-ray control 
and the leg immobilized on a Braun’s frame, with 


extension applied through strapping on the skin. 


The condition remained the same in the next 
thirty-six hours, but the medical attendant was 
concerned about the severe ischaemia in the limb. 
He was transferred to Prince Henry’s Hospital on 


Ist May. 


On admission the temperature was 101°F., the 
pulse rate 96, the blood pressure 130/75 mm. of 
mercury. The general cond.tion of the patient 
was good. The left leg was biue and cold, and 
there was a swelling of the calf posteriorly; capil- 
lary return was barely detectable in the foot. There 
was anaesthesia over the leg and foot from a point 
approximately 6 inches above the ankle joint and 
there was no contraction of any muscle below 
the knee. The last detectable pulsation in the 
limb was in the lower femoral triangle over the 
superficial femoral artery. There was a fairly 
tense swelling of the popliteal fossa. A diagnosis 
of fracture of the upper end of the tibia with 
rupture of the lower popliteal artery and haema- 
toma of the popliteal space was made. The 
prognosis of the limb was considered to be poor; 
nevertheless immediate amputation was not con- 
sidered justifiable and it was felt that an attempt 
should be made to save the limb. Accordingly, 
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under general anaesthesia, left lumbar sympaithiec. 
tomy was performed through a muscle spiitting 
incision, the chain being divided above the second 
lumbar ganglion and avulsed from below in q 
cranial direction. The popliteal space was then 
opened up by a midline posterior incision and 
the tense haematoma evacuated. The incision was 
extended distally and it was seen that the soleus 
muscle was very pale, non-contractile and obviously 
non-viable. This was considered an early Volk. 
mann’s contracture. On clearing the lower par 
of the popliteal artery profuse haemorrhage oc. 
curred. A _ vessel considered to be the posterior 
tibial artery was clamped and divided and ligated. 
Further exploration revealed that the divided 
vessel was the lower part of the popliteal artery 
above the point of origin of the anterior tibial 
artery. Two inches further down the completely 
divided posterior tibial artery was seen. Both 
ends of this were then cleared and _ ligated. 
Because of the swelling of the limb the majority 
of the accessible soleus muscle (which was not 
bleeding and was pale) was excised to facilitate 
closure. The skin was then closed without diffi. 
culty and without tension. Post-operative.y a care- 
ful check was kept of the urinary volume and 
fluid balance. On 2nd May, the foot was still 
very cold but on 4th May, the foot was warm to 
the level of the ankle; however, the 4th and 5th 
toes showed early permanent blue colour change 
with no lability of capiliary circulation. The 
patient was complaining of nausea. On 5th May, 
the skin was warm to an inch distal to the ankle 
joint. The urinary volume was 20 oz., the blood 
urea 57 mg. per cent. and the urinary urea con- 
centration was 5.6 per cent.; the fluid intake was 
39 oz. The patient was unable to take more fluid 
orally because of his nausea, and_ intravenous 
administration of fluid was begun. Two litres of 
5 per cent. dextrose solution were given each day 
for the next three days; heparin (2,000 units) was 
added to each litre flask to prevent thrombosis in 
the vein. On 6th May, the urinary volume had 
risen to 88 oz. and on 7th May, the general con- 
dition had much improved. The urinary vo.ume 
was now 120 oz. per day, the blood urea was 29 
mg. per cent., and the urinary urea concentration 
was now 1.73 per cent. All the toes were dark 
and without return but the skin was warm to the 
distal third of the metatarsals on the dorsum of 
the foot and to a corresponding area on the sole 
of the foot. On 8th May the intravenous adminis- 
tration of fluid was discontinued and the patient 
was able to manage a large oral fluid intake. On 
10th May, the urinary volume was 80 o2z., the blood 
urea was 28 mg. per cent. On 14th May, the 
warmth of the foot had extended no further and 
there was still complete anaesthesia below the 
middle of the tibia. On 16th May, the urinary 
volume was 60 oz., the blood urea, 37 mg. per 
cent., and the urinary urea concentration was !.88 
per cent. The midd.e three toes were now pink 
over the proximal phalanx but blue distally. First 
and fourth toes were permanently blue throughout, 
and there was permanent blueness under the 
heads of the metatarsals on the sole of the {oot. 
No change occurred in the foot in the next scven 
days. On 25th May, below knee amputation {our 
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inches below the tibial tuberosity, was performed. 
Post-operative convalescence was uneventful. The 
patient was discharged from hospital on 28th May. 


Case 6. 
The patient, J.K., a labourer aged 25, was 
admitted to Prince Henry’s Hospital on 28th July, 


1950, 


He was hit on the back of the right leg by a 
car one and a half hours previously, and thought 
that the bumper caught him behind the knee. He 
did not walk after the accident. 


On general examination he was mildly shocked. 
The right foot and toes were blue and cold, and 
this extended to the mid-tibia. There was loss 
of sensation over the foot and lateral side of the 
leg hut sensation persisted on the medial side over 

. distribution of the saphenous nerve, nearly to 

inkle. There was considerable swelling of 

» popliteal fossa, and it was continuous distally 
with swollen calf. The swelling of the popliteal 
fossa was very tight. The puises at the ankle 
were absent and, of course, could not be felt in 
the popliteal fossa because of the swelling. There 
was a normal pulse palpable in the femoral 
triangle below the origin of the profunda femoris 
artery. There was abnormal antero-posterior move- 
ment, in the extended position, of the tibia on the 
femur. There was a tense, very tender and hot 
swel.ing of the knee joint, considered to be a 
haemarthrosis. A diagnosis was made of subluxa- 
tion of the knee joint, with rupture of the popliteal 
artery and popliteal arterial haematoma and severe 
peripheral ischaemia. One hour later, through a 
vertical incision, Mr. G. Newman Morris and Mr. 
C. Ley explored the popliteal fossa. A very large, 
tight clot was c.eared from the fossa and, on 
clearing the proximal end, profuse arterial bleed- 
ing occurred from the severed proximal end of 
the popliteal artery. This was controlled in the 
thigh and the two ends of the artery identified, 
clamped and ligated; the ragged ends were ex- 
cised. During further ciearing of the clot from 
the fossa bleeding from the popliteal vein began 
and ligation of the vein was necessary; this 
would probably have been performed in any case. 
The medial and lateral popliteal nerves were 
identified and found to be intact. The skin was 
closed with a drain to the fossa. An immediate 
right lumbar sympathectomy (muscle spl.t) was 
performed in the usual way by one of the authors, 
the chain being divided above the second lumbar 
ganglion and avulsed from the caudal end by 
cranial traction. Post-operatively the leg was ex- 
posed at room temperature. Next day the foot 
was warm to the toes and a good colour. On 30th 
July, the drain tube was removed from the popli- 
teal fossa. On 31st July, the foot was warm down 
to and including the toes but there was complete 
palsy be ow the knee. On 3rd Aug., there was now 
some oedema about the ankle and there was 
anaesthesia to three inches above the ankle on 
the lateral side but sensation remained on the 
medial side as far as the medial malleolus. On 
ith Aug., a light plaster cast was applied to pre- 
vent foot drop. On 16th Aug., conditions were 
much the same. On 23rd Aug., there. was extreme 


tenderness of the calf muscles with severe pain 
on dorsi-flexion of the ankle and there was still 
oedema about the ankle. As it subsequently sub- 
sided without Volkmann’s contracture, which was 
suspected this was probably due to venous throm- 
bosis in the calf. Muscle biopsy was not per- 
formed. He was discharged from hospital on 30th 
Aug., and electrical stimulation and physiotherapy 
of the leg instituted at a convalescent centre. On 
20th Sept., the electrical reactions showed a weak 
normal faradic response in the anterior compart- 
ment of the calf. There was no faradic response 
in the posterior compartment but sluggish Gal- 
vanic response was present. A small blister ap- 
peared on the lateral side of the foot early in 
December in the still anaesthetic area and healed 
slowly in the following month. On 26th April, 
1951, there was still a small raw area on the 
lateral side of the foot but sensation had returned 
to about the level of the lateral malleolus and the 
patient was walking quite well. 


COMMENTARY. 


All the reported cases had skeletal in- 
juries about the knee joint. An analysis of 
the cases is as follows:— 


Dislocation of the knee. 


E.W.H. Case 1. No haematoma, vessel 
in continuity—thrombosis popli- 
teal artery. 

J.E. Case 2. No haematoma, vessel 
in continuity—thrombosis popli- 
teal artery. 

A.J. Case 3. No haematoma, vessel 
in continuity—thrombosis popli- 
teal artery. 

J.K. Case 6. Haematoma, rupture 
popliteal artery. 


Fractured upper third of tibia. 

E.R. Case 4. No haematoma, vessel 
in continuity—thrombosis popli- 
teal artery. 

R.S. Case 5. Haematoma, rupture 
upper posterior tibial artery. 


It will be seen that in the four cases with 
dislocation of the knee there were three with 
thrombosis associated with internal disrup- 
tion, the result of stretch, and the other 
(Case 6), had a rupture of the artery with 
haematoma. Cases 2 and 3 lost their limbs, 
both above the knee. 


Cases 4 and 5 suffered comminuted frac- 
ture of the upper third of the tibia. One 
of these, Case 4, lost his leg above the 
knee and eventually his life; the other, 
Case 5, lost his leg below the knee. 
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Summarized in another way there were 
four cases of stretch with internal disrup- 
tion and thrombosis but with the vessel still 
in continuity. Of these, three (Cases 1, 2 
and 3), were associated with dislocation of 
the knee, and one (Case 4), with fracture of 
the upper third of the tibia. The two cases 
of rupture of the axial artery with haema- 
toma were associated in one (Case 5) with 
fracture of the upper third of the tibia, 
and in the other, Case 6, with dislocation of 
the knee. Thus, the type of skeletal injury, 
whether dislocation or fracture, gave no 
indication of the type of vascular injury 
which would be found. 


The incidence of the complication of 
severe vascular occlusion following skeletal 
injuries about the knee joint would be 
difficult to assess. In the same period (12 


months) in which these cases have come to 
the notice of the authors, one other case 
with equally severe damage to the knee 


joint (torn cruciate and collateral liga- 
ments), but with no damage to the popli- 
teal vessels has been seen. This is, of course, 


a highly selected series. 


It does, however, draw attention to the 
association of vascular injuries with skeletal 
damage of this type. Fractures of the upper 
third of the tibia are, of course, notorious 
for their association with vascular injuries 
which, because of damage to the crucial 
anastomosis at the lower end of the popli- 
teal artery, have a particularly bad prog- 


nosis. 


Frequently the skeletal injury diverts 
attention from the more severe consequences 
of the trauma—the vascular injury and this 
passes unnoticed when the patient is first 
seen. The essential point in the diagnosis of 
major vessel occlusion in these cases is to 
suspect it, and it would be right to say that 
no examination of a limb which has suffered 
trauma of significant degree is complete 
without a careful examination for evidence 
of damage to the soft tissues of the limb— 
in particular the blood vessels and nerves. 
If the condition is suspected a very brief 
examination of the patient will determine 
whether ischaemia is present. 


It is instructive to summarize the patient’s 
subjective symptoms in this small series. 
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Subjective cold feet. 
Case 1. Not recorded. 

Soon after. 

Not recorded. 


Not recorded. 


Case 
Case : 
Case 4. 
Soon after. 
Not recorded. 


Case 
Case 


Of course, the subjective coldness of the 
foot is not diagnostic of vascular occlusion 
but in the two cases (Cases 2 and 5). in 
which a record was made of the patient's 
coinplaint of cold feet, it appeared early 
after trauma, and was associated with “dead- 
ness” and “numbness.” 


The first record in the clinical notes of 
the objective signs of ischaemia was made. 
in some, as a finding in the original clinical 
examination but in others it was not re- 
corded until the next day or subsequently. 


Objective signs of ischaemia—First record. 
Twenty-four hours later — cold 
foot and absence of pulses noted. 
Twenty-four hours later — cold 
foot. Pulses not recorded. 

At original examination — cold 
foot and absence of pulses noted. 
Case 4. At original examination — ab- 
sence of pulses noted. 
Case 5. No records available. 

At original examination — cold 

foot and absence of pulses noted. 


Case 


It must be conceded that objective cold- 
ness of the foot is not diagnostic of axial 
vessel occlusion, and it might be argued 
that there was not necessarily any signifi- 
cant ischaemia at the time of the original 
examination. However, it is difficult to 
believe that the peripheral pulses were 
present in any patient at the time of the 
original examination. If there were no 
pulses significant ischaemia was present, 
whether or not it was subsequently increased 
by interference with collateral circulation. 
Palpation of the peripheral pulses at the 
original examination would have led to the 
appreciation of significant ischaemia. 


In some of the cases under review the 
question of precipitation of ischaemia by 
the use of plaster was raised and unless the 
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pulses were examined before it was em- 
ployed, it could not be denied that it may 
have been a factor. The methods of im- 
mobilization used are, therefore, worth 
recording. 

Vode of immobilization of limb. 

se. 1 Complete plaster thigh to toes. 
se 2. Plaster back slab, thigh to toes. 


se 3. Thomas splint. 


Ca 
Ca 
( 

Ca 


se 4. Braun’s frame. 


Cause o. 


Case 6. 


Braun’s frame. 


No splint or plaster used. 


Tight plasters have frequently been held 
responsible for vascular occlusion. While 
this may be so, it is the opinion of ihe 
authors that this factor is only of importance 
in so far as the constricting plaster, as- 
sociated with swelling of the limb, has inter- 
fered with collaterals and it is not itself the 
cause of the major vessel occlusion. The 
medical attendant, therefore, is not directly 
culpable in those cases where gangrene or 
Volkmann’s contracture has occurred fol- 
lowing the application of a plaster. He is, 
however, an accessory after the fact if he 
has failed to detect the presence of ischaemia 
by failing to examine the peripheral pulses. 


The major vessel occlusion is the result 
of the injury but the severity of the ischaemia 
may be increased by collateral vessel obstruc- 
tion within a constricting plaster. 


lt appears from a review of this series 
that early interference with nerve function 
can be expected in popliteal arterial occlu- 
sion of acute onset. The nervous injury may 
be the result of stretch applied to the 
nerves at the time of injury, but it may also 
be due, as indeed it probably was in most 
cases in this series, to severe ischaemia of 
the nerves themselves. It occurred so early 
in most of these cases that its presence 
should have drawn almost immediate atten- 
tion to the presence of ischaemia. 


Extent and type of anaesthesia of limb. 
Case 1. Anaesthesia of foot and medial 
side of great toe. 


Case 2. Anaesthesia from mid _ tibia 
downwards—stocking type. 


Anaesthesia foot and leg — 
stocking type. 
Anaesthesia just above ankle— 
stocking type. 
Anaesthesia mid tibia down- 
wards—stocking type. 

Case 6. Anaesthesia 3 inches above ankle 
and distally—stocking type. 


In most of the cases the area of distribu- 
tion of the saphenous nerve retained sensa- 
tion on the medial side of the leg, usually 
down to just beyond the ankle joint anterior 
to the medial malleolus. How much re- 
covery of sensation would have occurred it 
is impossible to say. In the two cases, 1 and 
6, who retained their limbs, there has been 
slow recovery of sensation of Wallerian 
type. In alk cases there was a correspond- 
ingly severe degree of muscle palsy. 


THE VIABILITY OF THE LIMB. 


In all of these cases, when first seen or 
when the ischaemia was first appreciated, the 
viability of the limb was not truly assessable. 
While many criteria have been used to 
endeavour to estimate the likelihood of 
limb survival, none is reliable enough to 
enable an immediate decision to be made. 
Amputation was not performed in four 
cases in this series until some time after 
the injury, when the signs were fairly clear 
cut. 


Time after injury before amputation. 


Case 1. not amputated. 


Case 2. three days. 

Case 3. two days. 

Case 4. six days. 

Case 5. twenty-eight days. 


Case 6. not amputated. 


The two patients who retained their limbs 
(Cases 1 and 6), both suffered occlusion 
no less than the others and the circulation 
in both of these appeared to be no less 
precarious than in some of the others. The 
treatment employed in these two patients 
will be the subject of later comment. During 
the period of observation of the limbs to 
determine their viability, two of the patients 
showed significant renal impairment. (Cases 
t and 5.) In Case 5 it will be noted that 
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the urinary volume fell and the blood urea 
rose. Upon restoring the urinary volume 
the blood urea fell to normal. The con- 
centration of urea in urine reached 5.6 per 
cent. but the investigations indicate that the 
kidney function was normal, and that the 
raised blood urea was due to the small 
urinary output. The figures provide evi- 
dence that there was very considerable in- 
crease in protein turn over. Case 4 showed 
signs of severe renal failure with rising 
blood urea and eventual death from uraemia. 
While this might have been pre-renal in 
origin (hypotension was present for several 
hours), many of the features bear a close 
resemblance to the findings in crush syn- 
drome. Section of the kidneys at autopsy, 
however, was not typical of this condition. 
This patient exemplified a not uncommon 
experience in the. management of acutely 
ischaemic limbs, due to sudden occlusion 
associated with vascular disease. The con- 
servative treatment of these patients during 
assessment of viability of the limbs necessi- 
tates a close watch upon the renal function. 


Discussion. 


The basic princivles of treatment of 
ischaemia in the limbs will first be set out. 
The choice and the practical application of 
the measures with a rationale for their 
selection will subsequently be elaborated. 


The principles of treatment. 

(i) Restoration of normal circulation, 
(ii) Prevention of further occlusion, 
(iii) Increase of the collateral circulation, 
(iv) Management of the ischaemic tissue. 


(i) Restoration of normal circulation. 


This is restricted to remediable obstruc- 
tion of the vessels. External compression by 
bone ends, removable clot (embolus or 
thrombus) or suture of divided vessels are 
examples. This principle was not considered 
applicable to the present cases. 


(ii) Prevention of further occlusion (throm- 
bosis). 


This is effected by anti-coagulants, or by 
decreasing the peripheral circulatory stasis 
as set out as principle (iii) below. The 
anti-coagulants were used first in Case 1, 
twenty-four hours after the injury and the 
patient retained his leg. They were also 


THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY. 


used in Case 4, twenty-four hours aiter 
injury, subsequent to exploration of the 
popliteal fossa. This patient eventually died 
with uraemia. In Cases 2 and 5, when {irst 
seen, some two or three days after injury, 
it was already too late to expect any satis- 
factory results; in any case their use was 
considered to be unwise because of the 
operations performed and the likelihood of 
bleeding from the wounds. It is, perhaps. 
significant that the only case in which 
heparin was administered early in treatment. 
retained his leg. 


(iii) Increase of the collateral circulation. 

This is achieved by the abolition of sympa- 
thetic vaso-motor tone. The various vaso- 
dilator drugs (barbiturates, quaternary am- 
monium compounds, priscoline, etc.), effect 
a general vasodilation and were used as 
adjuvants in some cases. Other methods 
available are:— 


(a) reflex heating, 
(b) 


(c) sympathectomy, 


(d) 


sympathetic para-vertebral block, 


somatic nerve interruption (sciati 


nerve block). 


Reflex heating was used in Case 1 during 


-the acute phase in preference to sympathec- 


tomy because the patient was receiving anti- 
coagulants. Sympathectomy was _ subse- 
quently performed for a severely cold foot 
some months later, with good results. 


Sympathectomy was used as an immediate 


measure in Case 6 under the anaesthetic 
during which the popliteal space was cleared 
of a blood clot. In Case 2 and Case 5 
sympathectomy was performed several days 
after the injury, when first seen by one of 
us, in the hope of saving the leg. Case 5 
had no active attempt made to improve the 
collateral circulation and in Case 4, sciatic 
nerve block (local anaesthetic) was per- 
formed. It may again be recalled that Case 
6 retained his leg following sympathecto:ny 
carried out soon after the injury but, of 
course, the popliteal fossa was cleared of 
blood clot which might otherwise have inter- 
fered with collateral circulation. 


(iv) Management of the ischaemic limb. 


Whatever other procedures are used to 
help or maintain the circulation, the isch .e- 
mic tissues should have their metaboli-m 
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maintained at as low a rate as possible. The 
metabolism in the limb rises 7 degrees for 
every degree centigrade rise in temperature. 
The metabolism in the limb should be 
lowered and this is best achieved by leaving 
the limb exposed at room _ temperature. 
Heating of the limb itself is directly contra- 
indicated. Plaster immobilization of the 
limb would seem to be impolitic and the 
wisdom of the manipulation of the fracture 
is open to grave doubt. 


The Rationale of Definitive Treatment. 

It will be apparent that the examination 
of the pulses as, indeed, also of the peri- 
pheral nerves is mandatory. If the pulses 
are present then the injury should be treated 
according to accepted orthopaedic principles. 


If. however, the pulses are absent, the limb 
is ischaemic, even though the viability of the 
limb cannot be assessed at this juncture for 
the reasons already stated. 


The preservation of the limb takes pre- 
cedence over the treatment of the skeletal 
injury. 

For all practical purposes it can be as- 
sumed that compression of the vessels by 
the displaced skeletal structures can be ruled 
out in these particular injuries; the dis- 
placement in the cases quoted here was 
minimal. It is a matter of common ex- 
perience that manipulation will rarely cause 
return of an absent pulse. In effect this 
means that restoration of the normal circu- 
lation, that is, the clearance of the obstruc- 
tion, is highly improbable; the obstruction 
of the main vessel is almost certainly per- 
manent. The best that can be hoped for is 
an adequate collateral circulation. If an 
anaesthetic and manipulative procedure is 
employed it will mean postponement for 
some critical hours of the essential treat- 
ment directed to the improvement of the 
collateral circulation. 


Immediate steps to achieve maximal col- 
lateral circulation are indicated. The treat- 
ment will differ according to the vascular 
injury present. 

For purposes of discussion of treatment, 
the clinical features permit the recognition 
of two groups:— 


(i) Those with absent pulses and no 
swelling of the popliteal fossa, 

(ii) Those with absent pulses plus swell- 
ing of the popliteal fossa. 


Group (i)—Those with absent pulses and 
no swelling of the popliteal fossa. 

Axial vessel occlusion is present as men- 
tioned previously. Provided that no spread- 
ing thrombosis (either primary or post 
embolic) occurs, and there is no extensive 
soft tissue injury the collateral circulation 
will probably be adequate. The conditions 
present, resemble those following ligation 
of the popliteal artery, the incidence of 
gangrene following which is variously quoted 
from nil (National Research Council, Mili- 
tary Surgical Manuals, 1943) to 26.6 per 
cent. (“Medical History of the War,” quoted 
by J. R. Learmonth in “Surgery of Modern 
Warfare”). In this group, the prevention 
of spread of thrombosis to involve the 
limited collateral circulation would seem to 
be the essential basis of treatment. Spread- 
ing distal thrombosis is most likely to occur 
where there is poor collateral circulation 
with peripheral stasis. Logically it might be 
prevented by opening up the collateral cir- 
culation. This may be achieved by sympa- 
thectomy or sympathetic procaine block. 
Alternatively, anti-coagulants might be used 
(heparin) and maximum dilatation of the 
collateral circulation achieved by means of 
reflex heat. This method has the advantage 
of preventing progress of occlusion by a 
combination of two methods: 


(a) improving the peripheral circulation, 
and 
(b) decreasing the coagulability of the 


blood. 


The efficacy of anti-coagulants in cases 
of high grade ischaemia has always been a 
matter of sharp debate because of the doubt 
whether it reaches the distal limb in ade- 
quate amounts. <A natural commentary 
would be that, if the blood gets there, so 
does the heparin. The combination, there- 
fore, of reflex vaso-dilatation and _ anti- 
coagulants seems the best theoretical propo- 
sition. This method was used in one of 
these patients (Case 1). 
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Arterectomy has its devotees in_ these 
cases as there is evidence that the damaged 
segment imposes spasms on the collateral 
circulation. While this argument and treat- 
ment are admissible where the vessel is 
accessible (for example, the brachial artery) 
it seems that exposure of the deeply placed 
popliteal artery may seriously jeopardize 
the rather poor collateral circulation. 


The abolition of “spasm” may be at- 


tempted, therefore, by:— 


(a) sympathectomy or sympathetic block, 


(b) arterectomy, or 


(c) reflex heating. 


Although advocated by some, experience 
with heparinization and operation combined 
has resulted in retro-peritoneal haematoma 
(following sympathectomy.), and in persis- 
tent bleeding or haematoma in other sites. 
The occurrence of either bleeding or haema- 
toma is most undesirable after any operation, 
and particularly is this so when it occurs at 
the site of operation in an already ischaemic 
limb. All factors considered, the combina- 
tion of reflex heating and anti-coagulants 
appears to be the best method of decreasing 
the risk of spreading thrombosis in cases 
of traumatic popliteal arterial occlusion 
without haematoma. 


Group (ii)—Those with absent pulses plus 
swelling of the popliteal fossa. 


There is, as before, occlusion of the popli- 
teal artery and the obvious difference be- 
tween this and the previous group is the 
presence of a tense distended popliteal fossa. 
There is no difference in the distal portion 
of the limb and it must be emphasized that, 
owing to the short dense fascial roof of ihe 
popliteal fossa, there will be very little 
visible bulging of the space. Nevertheless, 
there is an appreciable tense swelling in the 
popliteal fossa which must not, of course, 
be confused with more superficial swellings. 


The combination of absence of the peri- 
pheral pulses with swelling of the popliteal 
fossa render the diagnosis of rupture of 
the popliteal artery almost certain. Rupture 
of a smaller vessel might conceivably cause 
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haematoma formation in the popliteal s;,ace 
but it is highly improbable that this haema- 
toma would reach significant size and if 
it did it is most unlikely to cause obstruction 
of the popliteal artery, with obliteration of 
the pulse. The same argument would ajpp)l) 
to rupture of the popliteal vein which is less 
vulnerable because of its separation from 
the skeletal structures. In any case, venous 
occlusion would be recognized by oedema 
of the ankle. 


The mechanism of stretch makes incom- 
plete division of the artery most unlikely. 
The latter is usually due to laceration of 
the vessel. Even in the presence of fracture. 
laceration is probably not the mechanism. 
If partial division with haematoma forma- 
tion were likely then it would be agreed 
with the findings of the M.R.C. Memoran- 
dum on vascular injuries that the local 
treatment would be conservative in the hope 
that a false aneurysm would result and that 
some axial flow in the major vessel might 
continue. However, the stretch mechanism 
which has been invoked as the basis of ihe 
vascular damage would be compatible only 
with either inner coat damage and retraction 


_as under paragraph (i) above, or complete 


disruption with haematoma formation. In 
the latter case (the basis of the group under 
question) early retraction of the vessel will 
occur but there will be haematoma forma- 
tion. If this is sufficiently large to be appre- 
ciated as a swelling of the popliteal fossa, 
then it must be conceded that the circum- 
stances obtaining in regard to the collateral 
circulation of the popliteal artery render its 
evacuation imperative. 


Whatever other methods, therefore, are 
used to increase the collateral circulation 
(for example, reflex heating, sympathectomy. 
etcetera), the local haematoma obstructing 
the collateral circulation must be cleared 


Of necessity, the exposure entailed in 
clearing the clot will do damage to the 
collateral circulation, but it must be agreed 
that it is the lesser of the two evils, ‘or 
the haematoma will compress almost all ‘he 
collateral whereas the exposure will dam ge 
only some. 
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ISCHAEMIA OF THE LEG. 


The clearing of the haematoma involves 
incision of the space and anatomical defini- 
tion of its contained structures. The ends 
ef the divided vessel are then identified, 
secured, ligated and trimmed. This is advis- 
able. or even necessary, both as a type of 
arterectomy and to prevent the likelihood 
of later reactionary or secondary haemorr- 
hage 

The clot, of course, should be cleared, 
with minimum trauma to the boundaries, to 
decompress the space and closure of the 
wound should be effected by skin closure 
only without suture of the fascial roof of 
the space. 


It has been suggested that division of the 
nerves to gastrocnemius at the time of ex- 
ploration might obviate the subsequent oc- 
currence of claudication. It seems unjusti- 
fiable, however, to embark upon this pro- 
cedure which is symptomatic treatment for 
a condition of relatively minor ischaemia; 
and it presumes viability of the limb. 


In addition to the clearing of the haema- 
toma in the space and thereby removing 
mechanical interference with collateral cir- 
culation, there remains for consideration the 
abolition of the vasomotor tonus in the 
vessels thus released from compression, and 
this may be done (in addition to the arterec- 
tomy already performed) by:— 


(a) reflex heating, or 
(b) sympathectomy or sympathetic pro- 
caine block. 


For those inexperienced in the operation 
of sympathectomy, reflex heating is probably 
the wiser procedure. With some experience, 
however, the operation of lumbar sympa- 
thectomy can be done in a very few minutes, 
with only a minor prolongation of the anaes- 
thetic required for clearing of the haema- 
toma. Of the two methods, sympathectomy 
is almost certainly the better. While the 
subject is entirely one of opinion, it seems 
unjustifiable to continue the anaesthesia and 
operative trauma for any longer than is 
absolutely essential because the vis a tergo 
of the normal blood pressure is no less im- 
portant than other factors in maintaining ihe 
collateral circulation. Perhaps the advice 


would best be summarized by saying that, 
if sympathectomy can be done surely and 
rapidly within a few minutes, then the better 
vasodilatation obtained is worth the extra 
operative trauma. 


The question arises at this juncture as to 
whether anti-coagulants should be used to 
decrease the likelihood of peripheral spread- 
ing thrombosis. The evidence for and against 
this has been discussed. It is our opinion, 
that more harm than good may be done by 
heparinization in the presence of a recent 
operative wound. Therefore, in the cases of 
popliteal arterial occlusion with haematoma 
of the popliteal space, it is considered that 
the haematoma should be cleared, the ends 
of the vessel ligated and trimmed and vaso- 
dilatation achieved by either reflex heating 
or lumbar sympathectomy. 


CONCLUSIONS. 


All patients with significant trauma to 
limbs should be examined peripherally to 
determine the presence of pulsation in the 
major vessels and the examination should 
always include, where possible, a_ brief 
survey of nerve function. If the pulses are 
absent, because of the danger of pressure 
necrosis in the anaesthetic limb, and because 
of the possibility of interference with col- 
lateral circulation, plaster immobilization 
should never be used. The continual obser- 
vation of the limb is also rendered difficult 
by a plaster splint. 


Whatever other measures are employed, 
the limb should be exposed at room tem- 
perature and is best left uncovered on 


pillows on the bed. 


If there is no swelling of the popliteal 
fossa in a case of injury to the knee joint 
and the popliteal artery, further occlusion 
should be prevented by anti-coagulants, and 
maximum vasodilatation achieved by means 
of reflex heating. 


If there is swelling of the popliteal fossa 
this should be explored and cleared under 
general anaesthesia, and the vessel defined 
and ligated with excision of the ragged ends. 
Vasodilatation may be achieved by reflex 
heating subsequently or, if the surgeon has 
experience, with sympathectomy which _ it 
is preferable to perform at the time of 
exploration of the popliteal fossa. 
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During the observation of the limb to 
determine its viability over the course of 
the next few days, a careful watch should 
be maintained on the renal function. Ade- 
quate resuscitation needs no emphasis in all 
these injuries, as the vis a tergo of normal 
blood pressure is, of course, no less critical 
than the other factors in an attempt to save 


the limb. 


The conclusions reached in this paper, 
because of the advent of anti-coagulants and 
greater familiarity with sympathectomy, 
differ essentially from those of Dodd (1934) 
in his exhaustive review. 


SuMMaARY. 


Six cases of traumatic occlusion of the 
popliteal artery, associated with injuries 
about the knee joint, are presented. Diag- 
nosis and management of the severely 
ischaemic limb are discussed. 
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ACUTE PANCREATITIS. 
THE SIGNIFICANCE OF AN ASSOCIATED HYPERTENSION. 


By Ian HeEtnz. 


Department of Pathology, University of Melbourne. 


ge the records of the Royal Melbourne abscess formation had occurred at a very 
Hospital over the past nine years details early stage of the disease. This, of course, 
aa of 6+ cases of acute pancreatitis were may or may not indicate an infective basis 
obtained. These cases plus post-mortem in these cases. 
246. material obtained from the Department of 
Pathology, University of Melbourne, and the 
City Morgue form the basis of the following 
2B, study although any figures quoted refer only 
to the hospital material. 


On examining the vasculature of the pan- 
creas in most cases no satisfactory correla- 
tion could be obtained between any demon- 
strable arterial lesion and the site of the 
dieal pancreatic necrosis, that is, assuming that 
nasil PATHOLOGICAL FEATURES. such lesions might be an aetiological factor. 

, Three cases proved exceptions in that an 
The average age of the 64 ce = the  ante-mortem thrombus in a pancreatic vessel 
Royal Melbourne Hospital was 55 years, was reasonably assumed to be the cause of 
the youngest being 21 years and the oldest 4. infarctions which were present. 
82 years. The incidence was almost equally 
distributed between the sexes there being In this series of cases of acute pancrea- 
30 males to 34 females. titis 29 had normal extra-hepatic biliary 
; j . tracts whilst 35 were associated with a lesion 
Both the macroscopic and microscopic a . r “ae 
Po pala” a as shown in the following tabulation: 
findings in this disease have been carefully 


described in many papers and only a few 
points seem to warrant further comment. It 

has been noted that two types of lesion occur (c) Stones in common bile duct: 3 cases. 
even in the early stages. First, there is the (d) Carcinoma of head of pancreas or 
swollen and oedematous pancreas observed commen bile duct: 3 cases. 

at operation which at autopsy is seen to have 
areas of necrosis throughout its substance. 
This lesion is accompanied by either a straw- 
coloured peritoneal exudate or the pancreas (g) Following dilatation of stricture of 
and mesenteries are stained green with extra- common bile duct: 1 case. 


vansted bile. Actually the association of acute pan- 
The other manifestation of the disease is  creatitis with acute cholecystitis is probably 

a haemorrhagic lesion of the pancreas with more common than this series would indi- 

a blood-stained exudate into the peritoneal cate, since, in a group of 80 cases diagnosed 

cavity. The present series of cases would at operation as acute cholecystitis there was 

seem to indicate what might be expected, an associated acute pancreatitis in six. 

that is, that the latter type is a more severe 

lesion and carries a correspondingly worse HYPOTHESES OF ORIGIN. 


uncil 


(a) Cholelithiasis: 18 cases. 
(b) Chronic cholecystitis: 7 cases. 


(e) Stone in ampulla: 2 cases. 
(f) Acute cholecystitis: 1 case. 


te Reflux of bile into the pancreatic duct has 

The only microscopic features of unusual long been held to be the commonest cause of 
interest were seen in two cases of acute pan- acute pancreatitis and although undoubtedly 
crealitis occurring in diabetes. In both these a factor, many objections can be raised to 
there were large numbers of polymorphonu- _ this theory as a basis for even a majority of 
clear leucocytes throughout the sections and cases. The infrequency of ampullary stones 
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has led to the conceptions of spasm of the 
sphincter of Oddi or oedema of the ampulla. 
As is well known, however, these factors 
can only operate in the presence of the 
particular anatomical arrangement which 


gives a common channel to the biliary and 


pancreatic ducts. 


The spread of infection from an inflamed 
gall bladder to the pancreas via the lym- 
phatics or biliary channels has been con- 
sidered but all investigations to date rule out 
infection as a major factor. 


Of interest in considering these theories 
is the fact that in three cases, the attack 
of acute pancreatitis occurred some time 
after the removal of the gall bladder. In 
two, some months had elapsed and in the 
third patient, cholecystectomy had been 
performed eighteen months before. 


Rich and Duff (1936) have postulated 
metaplasia of the pancreatic duct epithelium 
as causing obstruction to the outflow of 
tryptic ferment and thus leading to pan- 
creatic necrosis. This metaplasia, although 
seen quite frequently, is not such a constant 
or gross finding as to impress one with the 
likelihood of its being an important aetio- 
logical factor. Obstruction to the pancreatic 
ducts by such obvious lesions as carcinoma 
of the head of the pancreas need not be 
considered in the majority of cases although 
examples were met with in this series. 


Direct trauma has been indicted as a 
cause in some cases but in the one example 
encountered it was possible that the trauma 
was only a contributory factor and_ this 
aspect will be discussed at greater length 


below. 


All experimental evidence to date indi- 
cates that reflux of duodenal contents is not 
of significance in the production of the 
disease. 

Tue VascuLar Hyporuesis. 

It can be seen that no one theory can 

adequately explain the genesis of acute 


pancreatitis although each may account for 
some Cases, 


THE AUSTRALIAN AND NEW ZEALAND JOURNAL OF SURGERY. 


In many examples of acute pancrea( itis 
the pancreas has the typical appearance of 
an infarcted organ. Microscopically also the 
appearance of the lesion is characteristic of 
infarction as seen elsewhere in the body. 
For these reasons it was decided to investi- 
gate the present series of cases more clo-el) 
from this point of view. 


Throughout the literature there are reter- 
ences to vascular accidents as a cause of 
acute pancreatitis but the idea that the, 
could account for any significant proportion 
of cases has always been resisted. 


As long ago as 1862, Panum_ injected 
particles of wax into the pancreatic vessels 
thus producing haemorrhage and 
Lépine (1892) observed haemorrhagic in. 
farcts after injecting lycopodium powder 
into the pancreatic arteries. 


Smyth (1940) was able to 
localized areas of pancreatic necrosis }y 
injecting mercury into the pancreatic 
arteries although none of the dogs died of 
a spreading necrosis. 


later 


produ e 


The Blood Pressure in Acute Pancreatitis 

Paxton and Payne (1948), in a statistical 
review of 307 cases state that there was a 
clinical hypertension in 20 per cent. of 
their series. The only conclusion they draw 
from this observation is that it is in contra- 
diction to the widespread belief that shock is 
present. 


This is fallacious reasoning and actual! 
in the present series of cases it was demon- 
strated that once the initial stage of shock 
had passed, a significant rise of blood pres. 
sure occurred, even in the hypertensive 
patients. 


The blood pressures of the cases of acute 
pancreatitis were compared with those of 
a series of cases of perforated peptic ulcers. 
These latter were chosen as offering a group 
of patients of a comparable age group «nd 
with a corresponding degree of shock. I! 
the blood pressure readings were taken on 
admission to the ward but unfortunately in 
the majority of cases no serial readings were 
available. The following table summar zes 
the results obtained. 
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AcuTE PANCREATITIS. 


DIASTOLIC BLOOD PRESSURE 





No. of cases 


Average diastolic B.P 


No. of cases 


| No. above 100 mm. Hg. 


| Average diastolic B.P. 








No. above 100 mm. Hg. 


Perforated Acute 
Ulcers Pancreatitis 


| 70 
13 


89 mm. Hg. > mm. Hg. 


6 


88 mm. Hg. 96 mm. Hg. 











The readings were analyzed siatistically 
and it was found that both the systolic and 
diastolic pressures of patients with acute 
pancreatitis were significantly higher than 
those with perforated peptic ulcers. 


Three cases of acute pancreatitis seen 
since these figures were analyzed have all 
had diastolic blood pressures over 100 mm. 
of mercury. Apart from those with hyper- 
tension there were a further three cases in 
which note was made of the fact that gross 
atherosclerosis existed as judged by palpa- 
tion of the peripheral arteries. 


Further evidence for a vascular basis to 
some of these cases of acute pancreatitis is 
obtained from a study of eleven subjects in 
which the disease was found incidentally at 
post-mortem. Three of these patients had 
suffered from hypertension and in_ three 
others atherosclerosis was the major factor 
in causing death. Even in the other five 
cases it is probable that the pancreatic 
necrosis was a terminal event brought about 
by a diminished blood supply to the pan- 


creas. 


Burn (1951) reports that in a series of 
routine autopsies of all ages, 10 per cent. 
revealed evidence of acute pancreatitis and 
the highest incidence of pancreatitis was 
assoviated with heart disease. In these cases 
of heart disease with acute pancreatitis, 30 
per cent. showed evidence of recent cardiac 
infarction. Although this percentage . of 
cases of acute pancreatitis seems extremely 
high it does bring forward further evidence 
for » vascular basis to the disease. 


It was mentioned earlier that although in 
three cases thrombosis of vessels with en- 
suing infarction could be demonstrated. 
there was difficulty in finding any vascular 
lesion which could reasonably be assumed 
to be a cause of the pancreatic necrosis. 


This problem, of course, is not confined 
to the pancreas. It has been well known for 
some time that a recent mechanical block to 
the vessels can be demonstrated in only 12 
per cent. of cases of cardiac infarction. 
Perhaps it is not as widely recognized how 
often one is unable to demonstrate vascular 
occlusion in infarction of the gut. The term 
mesenteric thrombosis, as generally used, is 
in fact usually a misnomer. , 


That the problems of infarction without 
mechanical block have been receiving atten- 
tion is indicated by two recent papers by 
Burton (1951) and Nicol et alii (1951). 
Their work deals with the fundamental 
instability of small blood vessels and with 
critical closing pressures in vascular beds 
and indicates that under certain conditions, 
even though morphologically no block can 
be demonstrated, complete closure of a vas- 
cular bed may take place. 


A discussion of these and other problems 
associated with infarction is not within the 
scope of this paper but it may be profitable 
to consider briefly a few of the factors con- 
cerned. 


Marcus (1930) thought that nervous re- 
flexes acting on vessels accounted for the 
occurrence of pancreatic necrosis after 
meals, operation or trauma. One cannot 
help but note the similarity between the 
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typical onset of cardiac infarction and pan- 
creatic necrosis after a heavy meal. The 
time of onset of the latter has, of course, 
been attributed by many to the increased 
secretion of the pancreas at this time. It 
is possible, however, that the necrosis is 
actually due to the known post-prandial 
redistribution of blood, or to other factors 
which upset the vascular equilibrium of the 
pancreas at this time. 


The occurrence of pancreatic necrosis 
after operations and trauma may be due to 
the accompanying shock with consequent 
lowering of blood pressure. 


It is interesting to meditate on the possible 
role of gall bladder disease in those cases 
of acute pancreatitis caused by vascular dis- 
turbances. There is a known association 
between cholecystitis and angina pectoris 
and this is usually considered to be a toxic 
effect on the heart and body generally. It 
is possible, however, that biliary colic could 
affect the vessels in the upper abdomen by 
way of nervous reflexes. Although this idea 
is merely hypothesis at the moment, our 
knowledge of the physiology of blood vessels 
indicates that it may be a factor in some 
cases, 

In this discussion it has been suggested 
that the lesion in acute pancreatitis is often 
on infarction due to primary vascular 
disease. 


Features supporting this hypothesis are: 

(a) Vascular disease is present in a sig- 

nificant proportion of cases. 

Experimental observations show that 

infarcts may occur. 

(c) These infarcts resemble the clinical 

condition both macroscopically and 
microscopically. 
The clinical condition is seen in 
similar circumstances to those in 
which other infarctions, for example 
cardiac, occur. 


(b) 


DIAGNOSIS. 


In the cases personally observed, and in 
the rest of the series, diagnosis has been 
based on the well-known clinical syndrome 
of the disease and on stucies of the urinary 
diastase. The serum amylase was not esti- 
mated in any of the patients. 


‘ associated with a peptic ulcer. 
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The only point worth emphasis in the 
clinical examination was the occurrence of 
pain to the right of the midline in the upper 
abdomen. This was frequently observed. — 


A urinary diastase of sixty units or al)ove 
appeared significant and the height of the 
reading has seemed to be directly related 
to the severity of the lesion. 


Readings of 100 or more units were 
obtained in many cases up to seven days 
after the onset of pain although in many 
others a fall to normal levels took place 
within seventy-two hours. 


Raised Urinary Diastase in Other Abdominal 

Emergencies. 

It has been maintained that laparotomy is 
necessary to establish the diagnosis in many 
cases even in the presence of a significant 
level of uninary diastase. The reason given 
being that a raised diastase has been seen in 
cases of perforated peptic ulcer and intestinal 
obstruction. 


That this occurs is true, but on the othe: 
hand it has never been shown that some 
degree of pancreatitis is not in fact present 
in these cases and it may be a local lesion 
Also when 
one thinks of the shock and disturbed vas- 
cular mechanisms associated with such 
abdominal emergencies it seems likely that 
these may cause a primary vascular lesion 
in the pancreas and we believe that they 
do. If this is true then the diastase reading 
does not give the fallacious results some- 
times attributed to it. 


The diagnosis of such a condition as 
perforated ulcer or intestinal obstruction in 
the presence of a raised urinary diastase is 
greatly helped, of course, by an X-ray of 
the abdomen apart from the usual clinica! 
findings associated with these conditions. 
Furthermore if, in all cases of this nature. 
gastric aspiration is started immediately the 
patient is admitted, the chances of doing 
harm whilst a definite diagnosis is being 
made are minimized. 


It is felt that, with the exercise of clinical 
judgment and the use of the ancillary 
methods mentioned, few, if any, mistakes 


should be made. 





n the 
ce of 
Upper 


al) ve 
f the 


elated 


were 
days 
many 
place 


minal 


my is 
many 
icant 
given 
en in 
stinal 


other 
some 
esent 
esion 
Ww hen 

Vas- 
such 

that 
Psion 
they 
ding 
ome- 


1 as 
n in 
se is 
y of 
nical 
ions. 
ture, 
- the 
oing 
eing 


ical 
lary 
akes 





AcUTE PANCREATITIS. 


Laparotomy as a diagnostic measure is 
only a further hazard to the patient and 
may aggravate any destructive lesion in the 
pancreas especially those with a vascular 


basis 

Goodman et alii (1950) have recently 
described a localized segment of dilated 
smal! bowel as a frequent finding on X-ray 
of the abdomen in cases of acute pan- 
creatitis. In the few patients in which this 
sign was specifically looked for it was found 
to be of little aid in diagnosis. 


TREATMENT. 


The treatment adopted and the results 
obtained can be seen in the following tabu- 


lation. 


Conservative management: 28 cases with 
three deaths and one residual abscess. 


Laparotomy: 9 cases with one death and 
one residual pseudocyst. 


Cholecystectomy: 3 cases with one death. 


2 


Cholecystectomy and choledochostomy: 3 
cases with one death. 


Drainage of lesser sac: 3 cases with one 


death. 


Drainage of Morrison’s pouch: 2 cases with 
one residual abscess. 


Drainage of general peritoneal cavity: One 


case which died. 


The rest of the series are made up of 1] 
cases found incidentally at post-mortem, 3 
eases of carcinoma in the region of the head 
of the pancreas in which the pancreatitis was 
observed at autopsy and one case following 
cholecystectomy and choledochostomy which 
was also diagnosed at autopsy. 


The figures show that the majority of 
patients were managed conservatively and 
that this appears to be the most satisfactory 
method of treatment especially as_ the 
aetiological factors are always in doubt. 


Laparotomy for diagnostic purposes did 
not in this series increase the mortality 
over that of conservative treatment although 
it is obvious, as mentioned above, that it 
must be an added risk. 


SEQUELAE. 


The immediate complications have been 
mentioned and the late sequelae consisted 
of four cases of recurrent disease and one 
diagnosed as chronic pancreatitis. In this 
series there has been no study of carbo- 
hydrate metabolism either during or follow- 
ing the disease. 


SuMMaRY. 


(1) Material: 64 cases of acute pan- 
creatitis are analyzed. 


Aetiology: The significance of the 
associated hypertension found in 
this series is discussed and evidence 
brought forward to show that many 
cases probably have a vascular basis. 


Diagnosis: The value of the urinary 
diastase as a diagnostic measure is 
emphasized. 


Treatment: When the results of 
treatment are tabulated it becomes 
apparent that conservative measures 
should be adopted when possible. 
The doubtful aetiology is a further 
argument against operative treatment. 
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NECROSIS IN NODULES OF THE THYROID GLAND. 
ITS SIGNIFICANCE IN THE FORMATION OF CYSTS. 


By E. S. 


J. Kine. 


Department of Pathology, University of Melbourne. 


A complex figure of various and minute parts is more accessible 


to injury and decay; 


Edward Gibbon — The Decline and Fall of the 


\\O phenomena frequently observed in 

the thyroid glands are vascular distur- 
bances (haemorrhage or necrosis of part of 
the structure) and cyst formation. These 
are often seen separately but are sometimes 
associated. Even when recent haemorrhage 
or necrosis is not present in a cyst there is 
often evidence of previous haemorrhage in 
the form of pigmentation in the wall. Such 
associations are sufficiently common to raise 
the question as to whether there is any aetio- 
logical relation between these phenomena 
and, if there be such relation, whether the 
haemorrhage or necrosis or the cyst be the 
primary condition. 


FIG. I. Photograph of the cut surface of a 
thyroid gland showing hyperplastic nodules, 
some of which are the site of haemorrhage, 
and others of some degeneration and fibrosis. 


Some time ago the observation of almost 
total necrosis of a nodule in the thyroid 
gland attracted attention to vascular pheno- 
mena and the possibility of their being the 
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Roman Empire. Chap. LXXI. 


immediate cause of cysts. As a result of ihis 
a number of thyroid glands, removed at 
operation and showing various kinds of en- 
largement, were investigated especially from 
this point of view. 


Investigation of the literature showed that 
although some thought had been directed to 
haemorrhage in the thyroid gland, relatively 
little attention has been paid to necrosis and 
it would seem that usually haemorrhage is 
regarded as a secondary phenomenon rather 
than that vascular changes have an aetio- 
logical place in the development of cysts. 
Amongst the various examples that were 
examined three cases are here described 
and others illustrated to exemplify special 
features. 


FIG. II. Low-power photomicrograph showing 
a typical nodule from a case of nodular toxic 
goitre. (x 6.) j 


Case Histories. 
Case 1. 

E.R., male, aged 17, had noticed slight swelling 
on the left side of the neck for about four months. 
This had been painless and did not attract parti- 
cular attention. 

A week before coming to hospital there had been 
a sudden significant enlargement with slight pain 
and tenderness in the region. 
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FIG. III. Photograph of a lobe of the thyroid 
showing a localized nodule (“adenoma”) which 
is almost entirely necrotic. Case 1. 


FIG. V. Photomicrograph of portion of the 
wall of the partly necrotic nodule shown in 
Figs. III and IV. Internal to the fibrous capsule 
there are thyroid vesicles which are lined by 
well-staining epithelium. Between these and, 
more obviously, towards the middle of the 
nodule (in upper part of photomicrograph) 
poorly-staining alveoli, which are necrotic, are 
to be seen. (x 125.) 


On examination there was a slight enlarge:nen; 
of the left lobe of the thyroid gland and in one 
part it was slightly tender. 


Removal of the lobe of the gland was undertaken, 
This lobe was somewhat enlarged but did not 
show significant external abnormality. I[t was 
removed without untoward incident and the patient 
made an uninterrupted recovery. 


FIG. IV. Low-power photomicrograph of the 
semi-necrotic nodule shown in Fig. III. The 
nodule is well-defined having a fibrous capsule 
and thyroid tissue can be seen round its margin. 
The tissue in the middle is necrotic. (x 2'4.) 


Ye Paes, 


FIG. VI. Photomicrograph of portion of the 
wall of nodule shown in Figs. III and IV. 
Close to the capsule there are alveoli with 
defined and _ well-staining thyroid al 
Internal to these, towards the middle of 
nedule, necrotic material is well shown, (x 
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athological examination revealed that the lobe 
of the thyroid was slightly larger than usual but 
from the exterior appeared normal. On _ cross 
section the tissue showed the normal appearance 
of thyroid tissue except that there were strands of 
fibrous tissue running through it and in one part 
there was a localized encapsulated nodule which 
was creyer than the rest of the tissue and appeared 
at first more homogeneous in structure but, after 
fixation, a disorganization of texture became ap- 
parent (Fig. Hl). 


Histologically the gland was normal in appearance 
and the nodule, which had a moderately thick 
capsule of fibrous tissue, consisted of a very thin 
rim of thyroid alveoli round the main mass of 
necrotic material which showed merely ghosts of 
thyroid tissue (Figs. IV, V and VI). 


FIG. VII. Photograph of a specimen showing 

larynx and trachea and a large nodule of 

thyroid which is compressing the trachea. This 

nodule which has a_ well-defined capsule and 

thickened wall has a content of partly necrotic 
and partly haemorrhagic materials. 


Case 2. 


A.B.. female, aged 27, had had a symptomless 
swelling of the right side of the neck for several 


years. Two years previously she had had a severe 
post-partum haemorrhage. Since this there had 
been a variable degree of nervous irritability, tired- 
ness and lassitude. After investigation, although the 
enlargement of the gland was slight, operative re- 
moval was recommended. 


Partial thyroidectomy was undertaken and was 
performed without untoward incident and_ the 
patient made a good recovery. 


FIG. VIII. Photograph of a lobe of the thyroid 

cut in section showing a cyst which has a 

thickened wall and in which there is necrotic 
material round the margin. Case 2. 


Pathological examination revealed that the gland 
was somewhat irregular in contour and on cross 
section showed a typical thyroid structure with a 
few bands of fibrous tissue. There was one thick- 
walled cyst in the right lobe (Fig. VIII). 


Histologically this cyst had a wall of dense 
fibrous tissue part of which was hyaline. Internal 
to this there was a thin layer of thyroid tissue (all 
but the most peripheral cells of which were 
necrotic) forming the lining of the cyst (Fig. IX). 


FIG. IX. Photomicrograph of the cyst shown in 

Fig. VIII. This has a well-defined fibrous wall 

and internal to this there is a small amount of 

thyroid tissue but most of the material attached 
to the wall is necrotic. (x 2%.) 


Case 3. 


P.K., female, aged 64, had had a slight but 
definite swelling of the thyroid gland for thirty 
years. She had not complained of any symptoms 
attributable to thyroid disturbance until, three 
months before admission to hospital, there had been 
a sudden swelling with tenderness in the left side 
of the neck. The swelling subsided somewhat and 
the tenderness disappeared but in view of possible 
recurrence of symptoms operation was suggested. 
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Subtotal thyroidectomy was undertaken and per- 
formed without untoward incident and the patient 
made a good recovery. 


On pathological examination the gland was en- 
larged and nodular in contour and, on cross section, 
was seen to contain several nodules. One of these 
was a thick-walled cyst (Fig. X). 


FIG. X. Photograph of a cross section of a 

lobe of the thyroid Showing numerous small 

pnedules and one cyst which has a_ thickened 

fibrous wall and internal to this, a narrow layer 
of necrotic material. 


Histologically the cyst had a capsule of thick 
fibrous tissue internal to which there was a lining 
which was partly granulation tissue and partly a 
and cuboidal-cell epithelium. In one 
small area there was still a little necrotic tissue 
attached to the wall. Here and there an occasional 
alveolus which, judging by staining characters, was 
still viable could be found. 


columnar 


DISCUSSION. 


The development of nodules is a charac- 
teristic feature of many glandular structures 
in the body and is particularly frequent in 
the ductless glands (Figs. I and II). It 
used to be said that it was due simply io 
fibrosis, but the connective tissue distribution 
is not fortuitous. 


That the alveoli of the thyroid gland are 
arranged in groups may be seen from the 
earlier stages of development when it is 
arising as downgrowth of cords of cells 
from the region of the foramen caecum. At 
a later stage the formation of lobules is 
clearly shown. Nodules in the adult gland 
develop by hyperplasia of epithelial cells 
of lobules and this proliferation and forma- 
tion of new alveoli are often well seen at 
the periphery of the nodule thus indicating 
that these are due to such hyperplasia rather 
than to segregation of epithelial masses by 
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fibrous tissue bands. Such nodules app. a: 
to be comparable with the nodules which 
develop in cirrhosis of the liver by hyper. 
plasia in lobules. 


The nodules of the thyroid gland have 
been regarded as being similar to neoplasins 
and indeed have been referred to as adeio- 
mata. However, they differ from true neo- 
plasms in a number of ways. The most 
important feature is that they do not possess 
the character of progressive growth which: is 
one of the significant features of tumours: 
they occur as multiple foci; the regularity 
of the growth is more characteristic of a 
hyperplasia than of a neoplastic process 
and it is a common thing for them to under- 
go retrogression. Even more emphatic, ihere 
are occasional nodules in the thyroid which 
do show the characters of neoplasms and 
these are different from the multiple nodules 
seen usually in the nodular toxic goitre. 


Whatever the stimulus to growth may be. 
an adequate blood supply is essential. This 
appears to be a single vessel or vessel group 
and probably corresponds to the blood 
supply of such tissue masses, observed else- 
where, as the fibroadenoma of the breast and 
the lipoma of the subcutaneous iissues. These 
usually obtain most of their blood supply 
through one particular region which may 
be regarded as the hilum of the structure. 


These nodules of the thyroid gland thus 
are an expression of the fundamental struc- 
ture of the gland and also give an indication 
of the distribution of the blood supply. 
They are an exaggeration of the original 
lobular character of the gland (Fig. II). 


Cysts are well-defined, encapsulated struc- 
tures and correspond to a nodule of ihe 
gland. They occur in various forms. Thiere 
are (i) those which are lined by thyroid 
alveoli; (ii) those which are lined by 
cuboidal or columnar epithelium; and iii! 
those which are lined by either a granulation 
tissue or an organized fibrous tissue. \|ore 
than one of these linings, of course, may be 
found in the same cyst. 


Since different cysts may have diffcrent 
linings it would appear that a_ secr:tion 
from lining cells is not necessarily re=)on- 
sible for the formation of the cyst. The 
development of the contents and, what is 
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more important, the maintenance of this 
fluid in the cavity is to be explained on 
some other basis. 


\. mentioned above, necrosis of thyroid 
tissue and cyst formation are sometimes 
associated and these, together with examples 
in which there is only necrosis or only 
cystic development, form a group the mem- 
bers of which can be arranged in order with 
necroses at one end of the scale and cysts 
at the other. To what extent we are justified 
in transforming such morphological into 
temporal relations merely because of struc- 
tural similarities may be doubtful but some 
‘linical observations provide additional and 
valuable information. The clinical features 
of sudden necrosis of a nodule may be 
observed in some cases and the nature of 
the process confirmed by examination of the 
specimen (Case 1). Other cases, which have 
shown a similar history—but where a longer 
time has elapsed before the tissue was 
examined (Case 3)—and which exhibit both 
eystic change and some residual necrosis, 
provide direct information on the time re- 
lation of the various phenomena. 


The various forms of these structures 
therefore may be regarded as stages of 
development of these cysts of the thyroid 
gland. We have here (Case 1) an example 
of practically total necrosis of a nodule and 
there are others showing less complete 
necrosis and with various degrees of cyst 
formation. Towards the other extreme we 
have well-formed cysts with merely a rem- 
nant of necrotic tissue at the margin (Cases 
Finally the cases in which the 
lining is a layer of simple epithelium are 
well known. There is thus a series of 
examples which are most easily correlated by 
postulating that necrosis occurs first and that 
degeneration and cystic change occur in 
such material. It is more difficult to produce 
any hypothesis by which necrotic material 
of the type described is likely to be found 
in a cyst arising in other ways. 


2 and 3). 


As far as the tissue-lining of the cysts is 
concerned the various cysts can be seen to 
be related. When the epithelium of a nodule 
is completely destroyed the lining will be 
of connective tissue. When only part of the 


glandular tissue is destroyed then a few 
alveoli will be found in the wall. In other 
intermediate cases it would seem that the 
alveoli have been almost completely des- 
troyed but some epithelium remains and, 
just as happens in other parts of the body, 
such epithelium grows over the surface and 
forms a lining of cuboidal or columnar epi- 
thelium. 


The older examples of cysts show, almost 
invariably, a gross fibrosis of the wall. This 
is due partly to the cyst developing in a 
nodule which already has a fairly thick 
capsule, but in addition there is the reaction 
to the necrotic tissue and to haemorrhage 
which has occurred into these nodules. 


FIG. XI. Photograph of a cystic nodule of 

the thyroid which shows some _ degenerative 

material and also cystic spaces which have a 
smooth lining. 


It is important to appreciate that cysts 
may differ not only owing to the extent of 
the change that has occurred in the glan- 
dular tissue but also in the rate at which 
they develop. Furthermore the process may 
not affect the whole of the nodule at one 
time but one part may be affected after 
another. This is suggested, in. some cases, 
by the presence of fairly large areas of 
recent necrosis at the periphery where, in 
the middle, complete disintegration of pre- 
viously-present necrotic tissue has occurred. 
Although susceptible of other explanations, 
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it is most likely that progressive vascular 
changes have given rise to necrosis in 
different parts at different times. 


In some cases a much more gradual 
change, with degeneration rather than rapid 
necrosis, takes place and the cystic develop- 
ment also appears to be much more gradual 
(Fig. XI). In such cases there appears to 
be a gradual liquefaction of homogeneous 
material between the alveoli. Such material 
is regarded on occasions as being an extra- 
alveolar secretion but special staining 
methods (for example, Masson’s stain) indi- 
cate that it is due to a change in the inter- 
alveolar connective tissue. 


There is the problem here of why a cyst 
should form. In any necrotic area, for 
example, in a typical infarct, it is known 
that various changes may occur and that, 
though cyst formation, calcification or sup- 
puration may occur in special circumstances, 
organization of the area is the common 
sequence. What determines the frequent 
development of the cyst in these cases in 
the thyroid gland is not apparent. Cyst 
formation is an obscure process and is no 
more clear here than it is in other areas but 
the frequent occurrence of cysts in this gland 
suggests that further study of the physical 
and chemical relations in these cases may 
provide a clue to the development of such 
cysts in general. 


As soon as a relationship of necrosis of 
parenchyma to cysts has been demonstrated 
it becomes desirable to elucidate factors 
responsible for the necrosis. That a sudden 
change in the blood supply is the cause, is 
the simplest explanation and therefore is 
the most probable. No suggestion of in- 
flammation of a primary type is to be found, 
which also supports the view of a vascular 
origin. 


Haemorrhages into the gland (Ryan, 1942) 


and into nodules of the gland (Wendel, 
1936) are frequent. They may develop after 
muscular effort or may arise spontaneously. 
Occasionally large nodules or “adenomata”™ 
are the site of haemorrhage (Fig. VII) and 
may cause pressure on adjacent structures. 
Occasional examples of very gross haemorr- 
hages with spread of blood into the peri- 
thyroid tissues have been described in the 
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literature (McGregor and Cornett, 1932), 
but apart from these, evidence of small 
haemorrhages are frequently seen in glands. 
In structures removed at operation small 
recent haemorrhages may be found but 
these are usually discounted as being due 
to some degree of operative trauma or to 
changes in the vascularity of the organ due 
to pressure on stretching or ligation of 
veins before arteries. Apart from these, how. 
ever, many evidences of older haemorrhages 
of small degree may be found in the form 
of disorganized blood corpuscles, blood pig- 
ment and pigment-laden phagocytes. 


Haemorrhage into the gland (which may 
be regarded as one expression of an increase, 
usually sudden, in vascularity) not only 
may occur in hyperthyroid states but may 
occur shortly after a sudden change in meta- 
bolic rate. It should be noted that Ballin 
and Morse (1926) regarded the haemorr- 
hage as the exciting cause of hyperthyroidism 
but this almost certainly reverses cause and 
effect. The formation of blood vessels, both 
in the foetus and in the adult, is determined 
by a “demand” which is made by actively 
growing or functioning cells. The dilatation 
of blood vessels, that is, the occurrence of 
a large blood supply, is similarly determined. 


That there is often a close relation between 
haemorrhage and necrosis is shown in in- 
farcts in many organs of the body where 
there is a sudden reduction of blood supply. 
Vascular changes giving necrosis of a 
nodule may be associated with alterations 
in parenchymal activity, though there are 
other, as yet poorly understood, factors 
influencing vascular supply. 


The blood supply of the gland is rather 
different from that of other structures and 
this difference has been recognized for a 
long time. The supply is large, out of all 
proportion to the size of the gland, and 
there is also considerable variation in the 
distribution of the blood. Large vessels 
course over the surface of the gland and 
there are relatively few vessels in its <ub- 
stance; and the few larger internal ones are 
found in fibrous septa. It is clear that much 
of the blood passing through the gland by- 
passes the parenchyma through  arterio- 
venous shunts. 
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In some thyroid glands showing cysts, 
gross morphological changes in the form of 
atherosclerosis and medial calcification may 
be found in vessels and there is certainly 
some diminution of the size of their lumen. 
However, more often these are not to be seen 
and indeed cysts and necrosis are to be 
found in young individuals in whom there 
is no evidence of vascular disease and in 
whom this would not be expected (Cases 1 
and 2). It is probable therefore that physio- 
logical changes in the vessels—with altera- 
tions in the distribution of the blood — 
rather than ischaemia due to morphological 
changes are the cause of the phenomena. 


Study of the areas of necrosis reveals 
several noteworthy features: the necrosis is 
complete; there is a sharp line of demar- 
cation between this and normal tissue and 
inflammatory change in the adjacent tissue 
is minimal. This indicates that the dis- 
turbance was sudden in onset and rapid 
in progress. It is strictly comparable with 
formation of an infarct. Often an infarct 
is due to a morphologically demonstrable 
obstruction to an artery (embolus or throm- 
bosis) but more frequently such cannot be 
found and it is apparent that the vascular 
disturbance is due to functional rather than 
morphological changes. 


CONCLUSIONS. 


(1) Cysts of the thyroid gland are com- 
mon and they are frequently associated with 
vascular complications. 


(2) Necrotic changes are seen in nodules 
of the gland which are exaggerated lobules. 
Various gradations may be seen between 
these necrotic nodules and cysts. 


(3) Both necrosis and cysts are compli- 
cated by haemorrhage. These are due to 
interference with the blood supply of the 
nodules. 


(4) All these features suggest that one 
mode of formation of cysts is by way of 
necrosis of a nodule. 


(5) Less rapid developments are of the 
same kind but are different in degree (that 
is, in rate of deprivation of blood supply). 


(6) The immediate causes of blood vas- 
cular changes are obscure: 

(a) they may be due to gross vas- 
cular changes in the thyroid 
vessels ; 

(b) they are more probably due to 
functional changes in the vascu- 
lar supply. 


It is important that gross necroses may 
be found in young individuals in whom no 
evidence of significant morphological vas- 
cular change is to be found. 


(7) The phenomena are those of infarc- 
tion. Here the infarct has a characteristic 
topographical distribution different from 
that in other organs but quite distinctive. 

(8) The infarct which commonly, in 
other organs, is followed by organization 
and rarely by cystic change is in these cases 
more frequently followed by cyst formation. 


SUMMARY. 


(1) Several features of the pathology of 
the thyroid gland are well known: 
(a) localized hyperplasia results in the 
development of multiple nodules; 


(b) cysts corresponding to and replacing 
nodules of the gland are found com- 
monly; 
considerable variations in distribution 
of blood supply, often but not neces- 
sarily related to glandular activity, 
may be associated with haemorrhage. 


(2) Infarction with complete or partial 
necrosis of a nodule, sometimes associated 
with haemorrhage, occurs from a vascular 
disturbance of uncertain nature. Since this 
takes place in individuals with normal ves- 
sels and since gross changes in blood supply 
are well recognized it is probable that a 
deviation of blood from some part of the 
gland is due to the action of an arterio- 
venous shunt. 


(3) Some cysts show a smaller or larger 
amount of necrotic material in their walls. 


(4) It may be concluded from this that 
the necrotic material in a nodule disinte- 
grates and liquefies with formation of a 
cyst. 

(5) An important mode of development 
of the cysts of the thyroid, therefore, is the 
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result of necrosis supervening on a dis- 
turbance of vascular supply to a_ thyroid 


nodule. 
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HYDATID CYST OF THE LUNG. 
TWO UNUSUAL CASES. 


By M. P. Susman. 
Sydney Hospital, Sydney. 


9 the differential diagnosis of hydatid 
cyst of the lung, developmental cyst and 
pneumothorax have occasionally to be con- 
sidered. The confusion can occur only after 
rupiure of the cyst into a bronchus has 
allowed escape of the fluid content and its 
replacement by air. Intra-bronchial rupture 
may cause surprisingly few symptoms either 
immediately or later, but the changes in 
the \-ray picture are usually very striking, 
depending on the amount of air that enters 


(Top left): 


the cyst, on the amount of fluid and mem- 
brane that are coughed up and on the re- 
action in surrounding lung parenchyma. 
Suppuration of a hydatid cyst is always 
preceded by rupture into a bronchus. 


Case 1. 


A man aged 29 had had a dry cough and some 
loss of weight for three weeks before the onset 
of pneumonia of the right lung. He did not 
recover fully from this illness; he felt weak, did 
not regain his old weight and had a cough with 


Large air space in right lung field. 


Il. (Top right): Lateral view of the large air space. 


III. (Bottom left): There is now an 


opacity with an air space above it. (One 


year later.) 


IV. (Bottom right) : 


Lateral view of Fig. III. 
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a little sputum. Physical signs suggested pneumo- 
thorax and a skiagram showed a large air space 
in the lower part of the right hemi-thorax (Figs. 
I and II). His general condition improved and 
he did not attend again until a year later, when 
he complained only of a cough with some brownish 
sputum. The X-ray appearances were strikingly 
different; in the lower part of the right lung field 
there was an opacity with an air space above it 
(Figs. II] and IV). He returned to his home in 
Melbourne and had a thoracotomy at St. Vincent’s 
Hospital, by Mr. F. Colahan and Mr. Hadley. 
Pus and hydatid tissue were removed from the 
lower lobe and the cavity was drained. He made 
a good recovery and was well a year later. 


pee 
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. V. (Top left): Large air space in 
VI. (Top right): 


VII. (Bottom left) : 
Five months 


VIII. (Bottom right): 
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lower half of the right side and skiagrams sh wed 
a large distended air sac in the lower part of 
the lung field (Figs. V and VI). Four weeks later 
when she was admitted to hospital, the ;adio. 
logical picture was very different; not only was 
the lesion smaller, but it contained air only jp 
its upper half; at the bottom there was an opacity 
with an irregular upper border (Fig. \JJ) 
Operation was postponed for various reasons and 
she was not re-admitted until five months 
she was much improved and the skiagrams showed 
that the lesion was still smaller, with a smal! air 
space above a fluid level, and two new shadows, 
one in the right lower lobe and one in the left 
lower lobe (Fig. VIII). The Casoni reaction was 


later; 


lower part of right lung field, 

Lateral view of air space. 

Four weeks later the air space is much smaller and there is an 
irregular opacity at the 
later the lesion is smaller and two new cysts 


bottom. 


are present. 


Case 2. 


A girl aged 7 years had had a productive cough 
since an attack of “congestion of the lungs” 
eighteen months before. Three times she had 
brought up a large amount of white sputum. 
There were physical signs of pneumothorax in the 


f 


an eosoniphilia o! 
later 


positive and there was 
7 per cent. Other shadows 
skiagrams and altogether seven cysts were removed 
two from the right lung and five from the elt. 
A recent X-ray picture shows that there i- still 
a small cyst in the right upper lobe. 


now 
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It is almost certain that when the original 
cyst ruptured scolices were spread through 
the bronchi to both lungs. It is known that 
secondary cysts occur in the peritoneal and 
pleural cavities after rupture of a cyst into 
them and that secondary cysts may develop 
anywhere after rupture of a cyst into the 
vascular system. Although dissemination 
through the bronchi seems an _ equally 
obvious possibility it has been doubted by 
Dew and other authorities; few clinical 
cases in support of it have been published 
and up to 1931 Dévé found only five. In 
the same paper Dévé describes experiments 
in which he injected hydatid sand obtained 
from fertile cysts into the tracheas of 
rabbits; secondary cysts developed in some 
of the animals. Many of the cysts while 
still very small were destroyed or were dis- 
charged through a bronchus, but some 
flourished and eventually became large 


parenchymal and sub-pleural cysts. With 
Professor Carne and his colleagues of the 
Veterinary School I propose to repeat and 
extend Dévé’s experiments; the results will 
be published later. 


SUMMARY. 


This is a report of two cases of hydatid 
cyst of the lung simulating at one stage, a 
developmental cyst. In one patient (Case 2) 
rupture of the cyst was followed by the 
appearance of scattered cyst in both lungs, 
due apparently to direct spread of scolices 
by way of the bronchi. 
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ANDREAS VESALIUS AND HIS FABRICA 
By K. F. Russe xt. 


Department of Anatomy, University of Melbourne. 


>, URING the sixteenth century a signifi- 

cant number of really great books 
were printed and from the medical point of 
view the greatest of these was written by a 
young man of twenty-eight who was Pro- 
fessor of Anatomy at Padua. The book 
was printed in Basel in 1543 with the 
simple title De Humani Corporis Fabrica 
and with its publication Vesalius opened a 
new teaching of Anatomy and produced a 
book the like of which had never been seen 
before. 


lt was filled with the most magnificent 
woodcut illustrations which, for the first 
time, gave a clear and accurate picture of 


the anatomy of the human body. There was 
abundant evidence that the author had 
actually performed human dissection him- 
self and had not relied on the dissection of 
animals or the haphazard dissection of the 
human body seen in the official “Anatomies.” 
Most important of all there was a_ break 
away from the teachings laid down by 
Galen which had clouded the scientific 
world for so long and against which Vesa- 
lius had rebelled while still a student under 
Sylvius in Paris. Vesalius had been quick to 
note in his dissections that many of Galen’s 
descriptions of the human body were quite 
wrong but the Galenic teaching was so 
ingrained in the minds of his teachers that 
they said the structure of the body must 
have altered since the time of Galen. When, 
by careful dissection and comparison, Vesa- 
lius had proved his contentions he was not 
afraid to print them and this fact alone 
would have made the book important. 


lt is interesting to note that in his earlier 
publications Vesalius believed in the teach- 
ing of Galen for some of the illustrations in 
his Tabulae Sex of 1538 showed many of 
the fallacies of the old human anatomy as 


described by Galen, for example, the five- 
lobed liver, the rete mirabile, the truncus 
brachiocephalicus of the dog and the venous 
system arising from the liver. Indeed he did 
not entirely give up some of the old ideas 
for in the Fabrica he figures the hyoid of a 
dog and calls it that of man. However, 
most of his former errors were corrected in 
his new book. 


In many instances Vesalius shows the 
value of comparative anatomy; this is 
especially seen in a very fine illustration of 
the skulls of a dog and a man to show the 
premaxilla of the former and its absence in 
the latter. 


The general standard of his illustrations 
is extremely high and they are obviously 
drawn from actual dissections and from 
actual bones. A number of bones, for 
example, the sphenoid, are adequately shown 
for the first time. Vesalius had been at 
pains to secure the services of an excellent 
artist in Jan Stephen van Calcar (1499- 
1546) and the success of the illustrations is 
due to the artist’s skill. It is interesting to 
note that three of van Calcar’s drawings 
for the magnificent title-page are still in 
existence (one sketch at Stockholm, another 
at Glasgow in the Hunterian Collection and 
the final finished drawing formerly in the 
possession of the late Dr. LeRoy Crummer, 
Omaha). 


The text of the Fabrica is divided into 
seven books of which the first deals with 
the bones and joints, the second with the 
muscles, the third with the vascular system, 
the fourth with the nervous system (mainly 
peripheral), the fifth with the abdominal 
viscera, the sixth with the heart and lungs 
and the final book with the brain. All books 
are not of equal merit, those dealing with 
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the vascular system and the abdominal 
viscera being probably the weakest especially 
the description of the female genital organs 
and the kidneys but as Vesalius only had 
access to two female bodies for dissection 
and as both were done in haste it is not 
to be wondered at his lack of knowledge. 


The section on the bones is excellent and 
includes a very good description of the 
preparation of dried bones and instructions 
for articulating the skeleton. The muscles, 
too, are well done and a serious attempt is 
made to indicate their actions. The peri- 
pheral nervous system is not well done and 
his figures show considerable confusion but 
his description and illustrations of the brain 
are outstanding, certainly the best to have 
appeared up to that date. 


With the appearance of the Fabrica in 
1543 and by his teaching, Vesalius effected 
a complete revolution in anatomical know- 
ledge and laid the foundations for scientific 
progress in the subject. This was not done 
without criticism from his former teachers 
and opponents; criticism which, in the case 
of Sylvius, was both vituperative and 
violent. However, Vesalius took little notice 
of the criticism allowing it to die down and 
gradually as people read his book, followed 
his practice of dissection and agreed with 
his findings, the old anatomy of Galen 
gradually died out and was replaced by 
the newer, more scientific, study. 


His illustrations were the inspiration of 
innumerable authors, they were copied with 
or without acknowledgement, mostly the 
latter, over the best part of two hundred 
and fifty years; this fact alone showing the 
influence that his book had on the scientific 
world. The woodcut blocks that Vesalius 
and van Calcar had so carefully prepared in 
Padua and shipped by mule-train to Basel to 
Oporinus the printer in 1542 were still in 
existence in the Munich Library before the 
outbreak of war in 1939; they may, pos- 
sibly, still be there. These blocks were used 
in the printing of the 1543 and 1555 editions 
of the Fabrica and also the Epitome; nine- 
teen of them were used in 1706 and again 
in 1723 to illustrate a book by Andreas 
Maschenbauer. The blocks were re-dis- 
covered in 1774 and used by Heinrich 
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Palmaz Leveling in Anatomische Erklérung 
der Original-Figuren von Andreas Ves,| 
published in Ingolstadt in 1781 and 1783 


In 1893 159 of the blocks were again \-- 
discovered in Munich Library and in 19:2 
a search was made for the remainder of 
the original 277. As a result of this search 
a total of 227 were located including the 
ones made especially for the Epitome. 


In 1934 the New York Academy of Medi- 
cine in conjunction with the Munich Library 
put the blocks, now 390 years old, on the 
press for the last time and produced a 
sumptuous edition of the plates entitled 
Icones Anatomicae. 


The College Library possesses the follow- 
ing editions of Vesalius: 


A. Andrae Vesalii Bruxellensis, Invictis- 
simi Caroli V Imperatoris Medici, de 
Humani corporis fabrica Libri septem. 
BASILEAE per Joannem Oporinum, 
1555. 

This is the second folio edition of 
the Fabrica in which the text was 
amended and revised by Vesalius. 
The woodcut title in this edition 
differs from that of the 1543 issue. 
The College copy is a fine one. 


. Andreae Vesalii Bruxellensis, invictis- 
simi Caroli V. Imp. medici, De 
Humani Corporis Fabrica libri sep- 
tem. 

Cum indice rerum & uerborum mem- 
orabilium locupletissimo. 


VENETIIS, Apud Franciscum Senen- 
sem, & Joannem Criegher Germanum 


MDLXVIII. 


This is the posthumous fourth 
edition of the Fabrica published 
without licence by Senense in 
Venice in 1568. It is produced on 
a smaller scale than the 1555 
edition. 


1. Anatomia Deudsch, Ein kurtzer Aus- 
zug der beschreibung aller glider 
menschlichs leybs aus den buchern 
des Hochgelerten Hern D. Andee 
Vesalij von Briissel . . . etc., folio. 
Gedruckt zu NURNBERG beim !ul. 


Paulo Fabricio. 
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ANDREAS VESALIUS 


Anno Salutis MDLI. Mense Augusto. 


This consists of 40 of the Vesalian 
illustrations engraved on copper 
with descriptions of the plates in 
German. It was issued by Jacob 
Bauman. The College copy is a 
fine one bound in contemporary 
calf tooled in blind with Anatomia 
1551 on the front cover. 


D. Andreae Vesalii Invictissimi Caroli V. 
Imperatoris Medici Opera Omnia 
Anatomica & Chirurgica Cura Her- 
manni Boerhaave & Bernhardi Sieg- 


fried Albini. 


2 Volumes folio. 
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LUGDUNI BATAVORUM Apud Joan- 
nem du Vivie et Joh. & Herm. Ver- 
beek MDCCXXV. 


This is a collected edition of all 
the works of Vesalius issued by 
Boerhaave and Albinus. The illus- 
trations were re-engraved for this 


edition. 
REFERENCES, 
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FIG. III.. The title of the first German edition of the Vesalian plates. 





CASE REPORTS. 


AN UNUSUAL CASE OF EXTRA-DURAL HAEMATOMA. 


By K. G. JAMIESON 


Repatriation General Hospital, Heidelberg. 


: ie classical clinical picture of extra-dural 
haematoma—of head injury, lucid in- 
terval, deteriorating consciousness, pupillary 
changes, developing hemiplegia, falling pulse 
rate and rising blood pressure — has often 
been described, and is stressed to the student 
as his criterion for the diagnosis of this 
dramatic and, in its early stages, remediable 
sequel of head injury. But this condition 
may masquerade in various disguises, and 
the differential diagnosis from cerebral vas- 
cular accident, in particular, is often beset 
with difficulty. 


This is recorded because of its 


case 


interesting clinical and radiological features. 


Case REPORT 


A man, aged 29 years, was admitted to the 
Repatriation General Hospital, Heidelberg, on Sep- 
tember 25, 1951. He gave the history that during 
the afternoon, four days previously, he had developed 
a severe headache which commenced suddenly, 
increased in intensity over the following forty-five 
minutes, and then remained constant, frontal in 
distribution, until the time of admission. On the 
day following the onset he had found that he was 
unable to open his right eye and had thought it 
was swollen, though it was not painful or tender. 
He could remember no injury, and had noticed 
no other abnormality. He had presented to the 
Out-patient clinic on the day of admission, travel- 
ling by tram, and apparently well orientated. 


Examination showed a somewhat flushed young 
man with the temperature 9¢.4°F., pulse rate 60, 
respiration rate 20, and blood pressure 145/90. He 
appeared rather drowsy, but answered questions 
readily and, seemingly, accurately. There was no 
clinical evidence of head injury, and no abnormali- 
ties were found other than those pertaining to the 


central nervous system. 


Visual acuity was good, and the optic fundi 
were normal in appearance. There was a complete 
Right ptosis, and complete loss of inward, upward, 
and downward movement of the right eye. The right 
pupil was much larger than the left, and reacted 
sluggishly and poorly to light and accommodation. 
All other cranial nerve functions were unimpaired. 
Muscle tone, power, and control of movement were 
normal! in all limbs, and no sensory defect was 
found. The tendon reflexes were normal, as were 
the superficial abdominal and plantar responses. 
There was considerable neck stiffness. 


Lumbar puncture was performed, lightly b! 
stained cerebrospinal fluid being obtained w 
a pressure of 205 millimetres of cerebrospinal fi), 
Microscopy showed 1,400 erythrocytes and 4 lym 
cytes per cubic millimetre. 


A provisional diagnosis was made of subarach: 
haemorrhage resulting from leaking of an ii 
cranial aneurysm — probably situated on the rig 
posterior communicating artery — and on the 
day percutaneous right carotid angiography und 
local anaesthesia was attempted — without succe 
owing to failure to puncture the exceedingly mo! 
artery. 


FIG, I. Antero-posterior projection showing shif 
of the right anterior cerebral artery to the lef 
under the falx. The haematoma may be see 
indistinctly in the parietal region (un-retouched 


On the succeeding day, September 27, the patient 
reported lessened intensity of his headache, but 
was definitely not as alert as previously. The pulse 
rate had slowed to 50-55 per minute and the |)lood 
pressure remained unchanged. Physical examin ition 
again revealed an isolated ocular nerve lesion. with 
neck stiffness. Because of this deterioration, \. hich 
suggested the- possibility of further haemor: hiage 
from an aneurysm, angiography was again atten ted. 
with success. The method used was surgical exp sure 
of the right common carotid artery under pent: thal, 
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curate, and endotracheal nitrous oxide anaesthesia. 
15 millilitres of 35 per cent. “Uriodone” was injected 
for .ach of the four exposures made. 


antero-posterior projection (Fig. I) showed 
d displacement to the left of the anterior 
ral artery, but little evidence as to the cause 
s displacement. A half axial projection (Fig. 
milarly revealed midline shift, but also dis- 
an extensive area in the right parietal region 
was not filled with contrast medium, the 
defined cerebral surface being depressed up 
ntimetres. The lateral projections (Figs. II 
{V) produced the quite unexpected finding 
ong fissure fracture through the right parietal 

Both internal and external carotid systems 
well filled, and from the anterior branch 

middle meningeal artery, just beneath the 
ior end of the fracture line, a puff of contrast 
im could be seen to have escaped anteriorly 
senting the bleeding point. 


FIG. II. Half axial projection showing com- 
pression of the right cerebral hemisphere by 
avascular mass in the parietal region (un- 
retouched). 


The diagnosis of fractured skull, middle meningeal 
haemorrhage, extra-dural haematoma, was thus estab- 
lished, with accurate localization. 


The patient had now sufficiently recovered from 
anaesthesia to be questioned again regarding the 
occasion of his head injury, but he again denied 
any memory of it. His relatives were also ques- 
tioned, but although they had no knowledge of his 
head injury, they reported that he had been quite 
well three days prior to admission, and had had 
a “night out” on that day. 


Examination at this stage—before complete 
recovery from anaesthesia — revealed for the first 
time an extensor plantar response upon the left 
side, the right being flexor, together with slight 
= ition of muscular power in the left sided 
ImMDs 


FIG. III. Lateral projection showing parietal 
fissure fracture and bleeding point on anterior 
branch of middle meningeal artery (un- 
retouched). 


Operation was then immediately undertaken. 
Under general anaesthesia a right temporal burr-hole 
was made and enlarged to a formal subtemporal 
decompression. From beneath the fracture line an 
extra-dural haematoma, consisting of recent gelati- 
nous clot three centimetres deep and ten centi- 
metres in diameter, was evacuated. The bleeding 
point on the middle meningeal artery was sealed 
with the coagulating diathermy, and the dura was 
sutured up to pericranium around the margins of the 
bone opening to prevent re-collection. The temporal 
muscle and scalp were closed with drainage. 


FIG. IV. Enlargement of portion of an earlier 
lateral projection to show detail of Fig. III 
(un-retouched). 


The immediate post-operative period passed with- 
out incident, the hemiplegia disappeared within 
24 hours, and the oculomotor nerve recovered almost 
completely within five days, although one month after 
operation there still remains slight diplopia, 
amounting to blurring of vision when fatigued. 


DISCUSSION. 


The manner of presentation of this patient, 
with complete amnesia for the head injury, 
together with a story and physical findings 
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suggesting a diagnosis of ruptured intra- 
cranial aneurysm, illustrates the many pit- 
falls awaiting one who relies upon the classi- 
cal clinical picture for diagnosis. The story 
of headache increasing over a period may 
well have served to put the clinician on his 
guard, as ruptured aneurysm typically gives 
rise to sudden and catastrophic headache. 
Again, a comparatively slight degree of sub- 
arachnoid haemorrhage, though not excluding 
aneurysm, is quite likely to be found follow- 
ing trauma, provided that the possibility of 
amnesia for the injury be recognized. Plain 
X-ray examination of the skull should cer- 
tainly have been undertaken, and would have 
revealed the presence of fracture. 


The occurrence of complete loss of external 
ocular movements of oculomotor innervation, 
with retention of some reaction to light and 
accommodation, is of interest in view of the 
investigation by Sunderland and Hughes into 
the distribution of the pupillo-constrictor 
fibres in the oculomotor nerve, and their dis- 
cussion of the mechanism of oculomotor nerve 
involvement in cerebral compression. That 
the oculomotor nerve lesion was due to com- 
pression is evidenced by the rapid recovery 
that followed decompression. Further, the 
gross involvement of the third nerve without 
evidence of hemiplegia (except during the 
stage of recovery from general anaesthesia) 
must be an unusual finding in extra-dural 


haematoma. 


It is often argued that early angiographic 
investigation in cases of suspected intra- 
cranial aneurysm is contra-indicated in view 
of the necessary manhandling of the patient 
at a time when rest is required, and of the 
risk of rupture of the aneurysm by the rise 
in blood pressure occasioned by injection of 
the irritant contrast medium. These risks may 
well exist, though rupture of aneurysm does 
not always occur at times of stress when 
blood pressure would be expected to be 
elevated. On the other hand, the dangers 


of delay are great. 


The early angiographic investigation of 
this patient was undertaken, upon the advice 
of Mr. R. S. Hooper, for two very good 
reasons. First is the need for positive estab- 
lishment of the diagnosis. The danger of 
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accepting a tentative diagnosis when soni 
other serious emergency may exist, is wel! 
exemplified by this case. 


Second is the need, in cases of aneurysm, 
for early and unequivocal establishment of 
the location of the aneurysm, so that, if the 
need should arise, an appropriate surgical 
attack can be planned. The mortality from 
haemorrhage from aneurysm is of the order 
of 50 per cent., and 50 per cent. of those 
surviving their first haemorrhage will suffer a 
further haemorrhage, with similar alarming 
mortality, within six weeks. To await this 
likely catastrophe without the data upon 
which to plan adequate treatment, is to invite 
the poor results which are thus obtained. 


It is seldom that we have the opportunity 
of seeing the angiographic picture of extra- 
dural haematoma, since the presence of head 
injury and the clinical signs usually render 
such investigation unnecessary and the condi- 
tion brooks no delay except in those unusual 
cases of some weeks’ duration. The demon- 
stration of the bleeding point by angiography 
must be less common still. 


Finally, whilst much effort is spent in 
teaching the student the classical clinical pic- 
ture of extra-dural haematoma and in empha- 
sizing the dramatically remediable nature of 
the lesion, too little stress is laid upon the 
great urgency for operative intervention. 
Experience with cases of extra-dural haema- 
toma that have progressed to the stage of 
unconsciousness, gross hemiplegia, and begin- 
ning circulatory decompensation, is fraughit 
with disappointment. Only by early diagnosis 
and, where possible, operation whilst the 
patient is still conscious, even at the risk of 
unnecessary but seldom harmful craniotomics. 
can uniformly good results be obtained. !o 
keep an open mind regarding diagnosis and 
to observe frequently and accurately, is the 
first step toward successful treatment. 


SUMMARY. 


1. An unusual case of post-traumatic ext!:a- 
dural haematoma is reported. There \ as 
no history of injury, and the case clini- 
cally resembled intracranial aneurysm. 
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2. The angiographic picture of extra-dural 
haematoma is presented, with demonstra- 
tion of the bleeding point. 


The necessity for early establishment of 
diagnosis, and for early operative inter- 
vention is stressed. 
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DOUBLE GALL BLADDER. 
DIAGNOSED BY CHOLECYSTOGRAPHY AND CONFIRMED AT OPERATION. 


By Lioyp CAMERON. 
Bathurst. 


HE classification of a true double gall 

bladder, as described by Boyden (1926), 
is a condition where two distinct gall 
bladders are present. These lie either 
separately or fused together, each gall 
bladder having its own cystic duct. In turn 
these ducts empty either directly into the 
common bile duct or are fused together into 
a Y-shaped cystic duct before eventually 
entering the common bile duct. 


The condition is distinct from that of a 
bi-lobed or bifid gall bladder. In such case 
there is a distirict but partial partition 
between the two lobes, which intercommuni- 
cate near the neck and have a common cystic 


duct. 


Two other types of reduplication of the 
gall bladder are described; 


1. Diverticulum of the gall bladder, 


2. The “trabecular” type, 
from vesicular outgrowths 
trabeculae (described as 
animals). 


of the liver 
occurring in 


The number of cases of double gall 
bladder reported are comparatively few. 


Oldfield and Wright (1950) reported a 
1950 and after a search of the 


case in 
cases had been 


literature found that 42 
previously reported. 

This, then, is the 44th case to be reported 
and is one of the few that have been diag- 
nosed by X-ray and confirmed at operation. 


EMBRYOLOGY. 


A secondary gall bladder arising from 
cystic, hepatic or common duct probably 
arises from small out-pocketings seen in 
these ducts in embryonic life. 


Boyden (1926) found a hepatic antrum 
at the junction of cystic, hepatic and com- 
mon ducts and showed that from this 
dilated portion of the ductal system there 
are numerous outgrowths and _ accessory 
vesicle formations. These normally regress, 


which arise. 


but the persistence of one would doubtless 
result in the formation of an accessory gall 


bladder. 


Thus, one arising from the hepatic o; 
common bile duct would be of the ductular 
type, because it would connect with the 
biliary system separately from the cystic 
duct. 


An accessory gall bladder arising from 
the normal cystic duct would produce a 
double gall bladder with a Y-shaped cysti 
duct. 

Case Report. 


A female, aged 33 years, presented herself com 
plaining of indigestion and attacks of right sub. 
costal pain for two years. Recently, the attacks 
of pain were becoming more severe and frequent 
Previous illness: Diphtheria as child. Renal coli 
nine years ago. X-ray showed a calculus in the 
right ureter—eventually passed stone. Appendi- 
cectomy three and a half years ago, while six 
months pregnant. 


Diagrammatic sketch showing 
1. Cystic ducts. 
2. Common bile duct. 
3. Hepatic artery. 
4. Cystic artery. 


FIG. I. 


On examination: Patient slight build and ‘iealthy 


appearance. On palpation, definite tenderness in 
region of the gall bladder. X-ray revealed a Jouble 
gall bladder with two calculi in the lower |) adder. 
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sheath 
at 
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fundus. The gall bladders were aspirated and dis- 
section of the neck of the gall bladder was then 
proceeded with. It was found then that there were 
two distinct cystic ducts entering the common bile 
duct one cm. apart. One large cystic artery was 
found rising from the hepatic artery and passing 
anterior to the two cystic ducts. The artery and 
two cystic ducts were ligatured and dissection of 
the gall bladder completed. The patient made an 
uninterrupted recovery. 


The examination of the gall bladder revealed 
two separate gall bladders fused together, one 
measuring 6.4 x 3.8 cm., the other 7.2 x 3.6 cm. 
Each gall bladder had its own cystic duct and 
there were two calculi in the lower of the two gall 
bladders. 


SUMMARY. 


A case of double gall bladder of the 
ductular type is described. 


The diagnosis was made by radiography 
and confirmed at operation. 
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OVARIAN PREGNANCY. 


By F. Forster. 
The Women’s Hospital, Melbourne. 


VARIAN pregnancy is a very rare entity 

and this, as well as the unusual cir- 
cumstances in which it occurred, appears to 
warrant recording of this case. In the last 
ten years at the Women’s Hospital, Mel- 
bourne, 920 cases have been operated on for 
ectopic gestation, and these included only 
one definite case of ovarian pregnancy 
(Nattrass, 1951). This incidence rate falls 


far short of the figure, approximately 1 per 
cent. of all ectopic pregnancies, which is 
quoted by many authorities (Hertig, 1951). 


Case Report. 


Mrs. W., aged 28 years, had two children aged 
six and four years. There was no history of mis- 
carriage or past gynaecological disorder. No 
abdominal operations had been performed. As a 
contraceptive measure a Grafenberg ring had been 
inserted twelve months ago and this had produced 
no apparent disturbances. Her last normal men- 
strual period commenced on 6 Sept., 1951, and 
prior to this her menses had recurred regularly 
every twenty-eight days and lasted four or five 
days with normal loss. 


In the last week of September, immediately 
following intercourse with her husband, she suf- 
fered an attack of severe lower abdominal pain. 
The pain was of such a character that she had 
to lie still and it persisted with decreasing 
severity for two days. There was some associated 
vomiting. On the second day, she commenced what 
she thought to be her period, a little early in onset. 
However, the dark loss was to persist almost 
continuously from this time. At the beginning of 
November, there. occurred a further attack of 
similar pain which again lasted two days. She 
later sought medical advice and the Grafenberg 
ring was extracted. On further examination, she 
was thought to have a pelvic haematocoele and, on 
27 Nov., she was seen in consultation. 


- 


At this time, she had lower abdominal pain on 
walking and pain on micturition and defaecation. 
On general examination, there was no abnormal 
finding other than lower abdominal tenderness. 
Vaginal examination revealed a slight dark brown 
discharge from the external os. The uterus was 
ante-verted and slightly enlarged and in the left 
and posterior fornices there was palpable a very 
tender mass the size of a grapefruit. A provisional 
diagnosis of ectopic pregnancy with pelvic haema- 
tocoele was made. At operation, in the pouch of 
Douglas there was found a tumour of the left 
ovary which appeared to consist of blood clot. 
There was also present in the pelvis a_ small 
amount of free blood clot. Both Fallopian tubes 


were perfectly normal. A left salpingo-oophorectomy 
was performed and the round ligament was brought 
back over the residual raw area. Post-operative 
recovery was uneventful. 


The specimen, as removed, with Fall- 


FIG. I. 
opian tube above. 


PATHOLOGICAL REPORT. 


The specimen (Fig. I) 
outer half of an apparently normal Fallo- 
pian tube attached to which by the meso- 
varium is a rounded tumour 6-7 cm. in 
diameter. The surface at the tubal pole is 
creamy white and this blends out into the 
very dark greater portion of the mass. There 
are scattered fibrinous strands adherent to 
the otherwise smooth surface. Cutting across 
the tumour (Fig. II) shows that it is 
formed largely of blood clot within which 
is a gestation sac containing an embryo 2 
em. in length. At the tubal pole, there is 
an area of cream coloured tissue. The 
attachment of the ovarian ligament is dis- 
cernible on this surface. 


consists of the 


The specimen cut across to show th 
sac and ovarian tissue at the tub: 
pole. 


FIG. IL. 
gestation 
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Case Reports. 


Microscopic examination shows that in 
the blood clot there are numerous chorionic 


villi many of which show degenerative 
changes. At the tubal pole, sections (Fig. 
[Il) included not only chorionic villi but 
also portions of a corpus luteum of preg- 
nancy. Sections confirmed the normal struc- 
ture of the Fallopian tube and the presence 
of the ovarian ligament. 


FIG. II. Photomicrograph. Above is a chorionic 
villus embedded in blood clot and below is the 
corpus luteum of pregnancy. 


DIscussION. 


Spiegelberg, in 1878, formulated four 
criteria which are now generally accepted 
as essential for the diagnosis of ovarian 
pregnancy. These are: (i) the gestation sac 
must definitely occupy the normal position 
of the ovary; (ii) the Fallopian tube, in- 
cluding the fimbria ovarica, must be intact 
and the former entirely separate from the 
wall of the sac; (iii) the sac must be 
attached to the uterus by the ovarian liga- 
ment; and (iv) definite ovarian tissue must 
be demonstrable in the walls of the sac. 
Hence, the diagnosis cannot be made on the 
gross specimen alone; histological confir- 
mation is necessary. Undoubtedly many re- 
corded cases have not completely met these 
rather exacting standards and herein would 
seem to lie the explanation of variations in 
the incidence rate quoted in the literature. 


The generally accepted present-day con- 
cept of aetiology is that fertilisation occurs 
normally in the tube rather than that 
primary intra-follicular impregnation takes 
place; the zygote then embeds itself in the 
ovary by trophoblastic erosive action. Some 
fault in the tubal mechanism of transport 
may be a causative factor. The part ovarian 
endometriosis plays in forming a favourable 
nidus for embedding is also a matter of 
debate. 


Ovarian pregnancy pursues a_ similar 
course to a tubal one and clinically they 
are indistinguishable. Most commonly it 
terminates in rupture with intraperitoneal 
haemorrhage of varying degree. Less often, 
with death of the ovum it may undergo 
retrogression, or, on the other hand, the 
pregnancy may rarely progress to or towards 
term and cases in which living infants have 
been delivered by laparotomy have been 
recorded. A very rare occurrence is an 
associated intra-uterine pregnancy and even 
rarer the occurrence of an ovarian hydatidi- 
form mole. 

SUMMARY. 


A case of ovarian pregnancy, occurring in 
the presence of a Grafenberg ring, is des- 
cribed. 

A brief outline of the condition is sub- 
mitted. 
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A CASE OF AMOEBIASIS WITH EXTENSIVE ULCERATION OF THE SKIN. 


By H. M. SHaw anp E. S. R. Hucues. 


Melbourne. 


— dysentry has never been com- 
mon in the southern states of Australia, 
but following the second World War and 
with the steady inflow of migrants into 
Australia, more cases are being seen. The 
case to be presented is of interest because 
of its mode of presentation and the rare 
complication, ulceration of the skin, that 
followed. 


Case History. 


Mr. T., a Hungarian aged 38, arrived in Aus- 
tralia 2 years previously and was admitted to 
hospital on the 26th September, 1951. 


He had been well until three months ago when 
he developed aching pain in the right loin. This 
pain had been constantly present and was becom- 
ing more severe; at the time of admission the 
pain was referred to the right side of abdomen 
from the costal margin to the right iliac fossa 
and was aggravated by taking a deep breath. 


During the same period he had lost weight and 
energy and complained of night sweats and fever. 
In the fortnight prior to admission he had become 
increasingly short of breath. His appetite had 
been poor; there was no history of alteration of 
bowel habit except for some constipation shortly 
before admission. He had noticed frequency of 
micturition. 


On examination he looked ill and appeared to 
have lost weight. Temperature was 99°, pulse 100 
and blood pressure 100/65 mm. mercury. 


There were signs of consolidation at the base 
of the right lung. 


There was a large tender mass in the right 
loin. Rectal examination revealed no abnormality. 


Investigations. 


Mucoid 
blood 


examination of urine:— 
pus cell and red 


Microscopic 
deposit—occasional 
cell seen. 


X-ray renal tract and intra-venous pyelogram:— 
No calculus seen. Normal pyelogram with 
good filling of both calyceal systems in five 
minutes. 


Good diaphragmatic excursion 
Patchy consolidation at right 


X-ray chest:— 
on both 
base. 


sides. 


Blood Examination:— Haemoglobin 70 per 
White blood cells 12,000 per c.mm. 


Progress. 


Six days after admission thick pus was aspii 
from the swelling in his loin and the folloy 
day 36 oz. of thick yellow odourless pus 
evacuated through a small incision placed 
the centre of the mass. No organisms could 
cultured from the pus. 


Discharging sinus surrounded by ulc 


following diathermy excision. 


FIG. IL. 


For some days there was a profuse drainag 
pus. An initial improvement in his condition 
not maintained and after three weeks the 
charging sinus in the loin was surrounded 
sloughing area 2 inches in diameter. This 
f ulceration slowly increased and took on 
characteristics of symbiotic gangrene of 
abdominal wall with necrotic base and undern 
edges surrounded by a red oedematous zone 
an inch wide. 
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CASE 


The organisms isolated from the ulcer were 
staphiococcus aureus, coagulase positive, B. coli and 
lipth roids. 


De-pite the use of penicillin, streptomycin, chloro- 
nycetin and aureomycin together with blood trans- 
fusion the gangrene continued to spread until the 
area was 5 inches in diameter. Twenty-four days 
after the first operation an area of skin and sub- 
cutan-ous tissue 20 x 14 cm. in size was removed 
with the diathermy knife. Following this no 


further spread of the gangrenous process took 
place but the sinus continued to discharge (Fig. I). 


FIG. II. Photomicrograph of a_ section taken 
from the margin of the necrotic area of skin. 
The skin and the relatively normal sub- 
cutaneous tissue is seen on the left hand side. 
On the right side fairly sharply demarcated 
from this there is the swollen ulcerated tissue 
eomposed of remaining strands of fibrous tissue 
between which there is necrotic material and in 
this there are many disintegrating wandering 
cells and some amoebi. (x 4.) 


Inset: High power photomicrograph of two 
small areas showing actual amoebi amongst 
wandering cells. (x 350.) 


One month after entering the surgical ward 
further rectal examination was done; the mucous 
membrane of the rectum felt oedematous. Proc- 
toscopy revealed thick yellow pus and_ large 
quantities of yellow necrotic material within the 
rectum. Swabs taken showed Entamoeba Histo- 
lytica. At the same time Entamoebae were seen 
in the histological section of the excised skin and 
subcutaneous tissue (Fig. II). Intensive anti- 
amoebic therapy was instituted with rapid improve- 
ment; the bare area on the abdominal wall became 
overed with healthy granulation tissue and the 
discharge quickly ceased (Fig. III). 


One month after starting this treatment sig- 
moidescopy was done; two clean, small shallow 
ulcers in the middle third of the rectum were the 
nly abnormalities seen. 


The granulating area on the abdominal wall 
slowly healed, aided by split skin grafts. He was 
finally discharged on 7 Jan., 1952; he was gaining 
weight and feeling very well. 


REPORTS. 


FIG. III. Following anti-amoebic treatment. 
Sinus now dry, surrounded by healthy granu- 
lation tissue. 


Barium enema at this time showed some narrow- 
ing of the ascending colon. There was no other 
abnormality. 


Discussion. 


This case affords several points which are 
worthy of note:— 


1. The complete lack of bowel symp- 
toms :— 


Even on close questioning and despite 
the severe involvement of his rectum, this 
patient did not complain of bowel upset at 
any time prior to or during his illness. 


2. The origin of the abscess:— 


This abscess could have resulted from 
rupture of an hepatic amoebic abscess, or 
have been the result of direct spread from 
the caecum or ascending colon. During his 
illness there was never any evidence sug- 
gestive of an amoebic hepatitis. On the 
other hand amoebic abscess formation fol- 
lowing disease of the ascending colon, 
caecum or even the appendix is well known. 
The barium enema findings suggest that in 
this case the abscess occurred as a result 
of direct spread from his colon. 
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3. The diagnosis :— 

The absence of relevant past history and 
the initial negative findings on rectal exami- 
nation prevented a correct diagnosis being 
reached for some time. The ulceration of 
the abdominal wall conformed very closely 
to the classical description of symbiotic 
gangrene which is fortunately rare to-day. 
The spread of the infection, despite very 
intensive chemotherapy, led to reconsidera- 
tion of the underlying cause of the condition 
and it was because of this that rectal exami- 
nation was repeated. Indeed the occurrence 
of this ulcerative process supports the 
statement that amoebiasis has a surgical 
diagnosis but medical treatment (Nevin, 
1949). 


4. The 


ment :— 


response to anti-amoebic treat- 
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This was prompt and dramatic. {he 
general condition of the patient started to 
improve within a few days whilst the floor 
of the ulcer was quickly covered by elvan 
granulations and the discharge from he 
sinus decreased. 


The lesions in the rectum rapidly healed. 
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DIVERTICULUM OF THE DUODENO-JEJUNAL FLEXURE CAUSING 
OBSTRUCTION. 


By E. S. R. Hucues 


AND H. M. SuHaw. 


Melbourne. 


Case History. 


Kk. E. P., aged 38, sought advice for epigastric 
\ pain and “fullness”. The pain, which had 
troubled him for as long as he could re- 
member, commenced a quarter to half an hour after 
meals. The pain was not aggravated by any 
particular food; there was no periodicity; and 
relief was always obtained by vomiting. 
Physical examination revealed no abnormality. 
4 barium meal showed a fairly large diverticulum 
in the region of the duodeno-jejunal flexure 


(Fig. I). 


FIG. I. Barium meal showing a diverticulum 
arising from the region of the duodeno-jejunal 
flexure, 


Operation. 

Under general anaesthesia a laparotomy was 
performed. A diverticulum, 5 x 3 cm. was found 
on the anti-mesenteric border of the small intestine 
at the duodeno-jejunal flexure. The diverticulum 
was resected. The remainder of the abdomen was 
normal. His convalescence was uneventful, and 
symptoms were completely relieved. 


DISCUSSION. 


A diverticulum of the small intestinal tract 
in this region is uncommon. With each meal 


the diverticulum gradually filled until there 
was partial obstruction of the duodenum 
(Fig. II). The large orifice connecting the 
diverticulum to the intestine prevented any 
stagnation or obstruction within the sac, 
and so precipitating more serious symptoms. 
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FIG. II. A diagram indicating the manner in 
which the diverticulum was responsible for the 
symptoms. 


A. Between meals. 
B. After meals, the distended - diverticulum 
obstructing the duodeno-jejunal flexure. 
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ADENOMA (“MIXED TUMOUR”) 


OF THE 


SUBMAXILLARY SALIVAR) 


GLAND IN A BOY AGED ELEVEN YEARS. 


By J. F. Funper. 
Prince Henry's Hospital, Melbourne. 


HE following case is reported because 
of the youth of the patient. The age 
incidence of “mixed tumours” of the sub- 
maxillary salivary gland is referred to below. 


CLINICAL FEATURES. 


The patient, G.H., a boy aged 11 years, pre- 
sented in July, 1951, with a firm swelling below 
the ramus of the right mandible near the angle. 
The swelling had caused no symptoms and was 
known to have been present for eighteen months, 
during which period it had gradually increased in 
size. 


A provisional diagnosis of chronic lymphadenitis 
was made and surgical exploration carried out. 
The swelling was found to be in the submaxillary 
salivary gland. On incision of the gland, a circum- 
scribed tumour fell away from the adjacent gland 
substance which was of normal appearance. 


Photograph of the specimen showing 
aspect and the cut surface of 
the tumour. 


FIG. I. 
the external 


PATHOLOGICAL FINDINGS. 


The tumour (Fig. I) was a_ nodular, 
roughly ovoid mass (approximately 3 x 2.5 
x 2.5 cm.). It appeared to have a complete 
thin fibrous capsule. The cut surface showed 
firm white tissue in which were scattered 


irregular pale yellow areas. 


Microscopically the tumour consisted of 
an abundant mucinous stroma in which were 
set irregular filaments and sheets of small 


polyhedral or spindle-shaped _ epithelial 


cells. Differentiation towards a ductulay 0, 
acinar arrangement was present in some 
areas (Fig. II). 


The appearances were characteristic of 
an adenoma (“mixed tumour”) of a salivary 
gland. 


Photomicrograph of a section of 
showing epithelial cells with du 
formation. Some of the epithelial masses a 
composed of irregular or spindle cells an 
round these there is mucoid tissue. (x 36) 


FIG. It. 
tumour 


COMMENT. 


In a review of the literature, the earliest 
age of occurrence of a “mixed tumour’ of 
the submaxillary salivary gland, to which 
reference has been found, was twelve years 
—a (male) case of the series of tumours 
of the submaxillary gland reported by 
Dockerty and Mayo (1942). A number of 
references to the occurrence in younge! 
subjects of “mixed tumours”, in 
however, the salivary gland involved was 
not specified, was found. 


which. 


Somewhat less than 10 per cent. o! all 
“mixed tumours” of salivary glands origi- 
nate in the submaxillary gland (W'Ilis. 
1948). The occurrence in a boy of -uch 
a tumour known to be present at the age 
of nine years, and presenting for treatient 
at the age of eleven years, is therfore 
considered worthy of record. 
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It is commonly believed that tumours 
occurring in young individuals grow more 
rapidly than the same tumour types in 
adults and that this increased rate of 
growth has its morphological counterpart 
in a higher incidence of anaplastic features 
in tumours in the young. In the tumour 
now being reported, no features suggestive 
of unusual rate of growth were observed, 
the morphological characters being indis- 
tinguishable from those of types of salivary 
gland adenoma commonly seen in older age 
grou})s. 


SuMMaARY. 


The occurrence of an adenoma (“mixed 
tumour”) of the submaxillary salivary 
gland in a boy of eleven years is reported. 
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THE MODE OF ACTION OF ANAESTHETICS. 
By T. A. B. HARRIS. Edinburgh: E. and S. Livingstone 
Ltd. 6” x 82”, xii plus 768 pp., 22 illustrations. 
Price: 42/- nett. 

The author of this 700 page volume is an 
Australian who, for some years, has been anaes- 
thetist to Guy’s Hospital and St. Peters Hospital 
for Stone. 

Realising that the present day medical course 
gives little time to the teaching of anaesthesia, 
beyond practical instruction in the administration 
of anaesthetics, Dr. Harris has tried to augment 
students academic knowledge of the subject by a 
series of voluntary lectures. 


These lectures, and a series of lectures given to 
Army medical officers, presenting for grading as 
anaesthetists, form the basis of this book, and they 
have, of course, been amplified and moulded into a 
continuous theme of much wider scope than one 
would wish to impose on the undergraduate. 


The subject matter is presented in four parts. 
Part 1 concerns the narcotics—their chemical con- 
stitution and physical properties in relation to 
pharmacological action, their uptake and fixation 
by enzymes and cells. 

This part ends with a chapter devoted to dis- 
cussion of the above. Part 2 is devoted to the 
various anaesthetic agents, six of which deal with 
inhalation anaesthetics, their absorption, selective 
action and excretion and the clinical signs of 
anaesthesia. Part 3 concerns the standard sequence 
of depression of the central nervous system in 
relation to anaesthetics. Part 4 relates to meta- 
bolism during anaesthesia and the dominant and 
side actions of anaesthetics on individual organs. 


The story is lucidly told and, as the author states, 
he has perhaps accepted logical probabilities to 
complete it with the object of stimulating interest 
and research. 

The book itself is well bound and the type 
is easy to read with a comprehensive index and 
bibliography in relation to each chapter. 


NOUVELLES TECHNIQUES OPERATOIRES DANS LA 
CHIRURGIE DU CANCER. 
By ANTONIO PRUDENTE ond HENRIQUE MELEGA. 
Paris, France: Masson et Cie. 10} x 73”, 296 
pp., 180 illustrations. Price: 2,500 francs. 

This book, printed in French, presents an up-to- 
date description of the more modern extensive 
operations for the eradication of cancerous growths. 
The authors have attempted the task of systema- 
tising certain new operative techniques. Block 
dissection is the principle underlying the procedures 
described. For example, tumours of the orbit are 
removed together with total parotidectomy and 
radical dissection of the unilateral cervical lymph 
glands as far distally as the clavicle. Large skin 
flaps are cut so that all facial and cervical lymph 
channels and lymph nodes are included in the 
extirpated tissue. 


Electro-coagulation is freely used—not on! 
arrest bleeding but to destroy the primary gr 
and prevent contamination during operation. 


Carcinoma of the lower lip involving the 
dible is treated by total extirpation of the lip, 
and mandible. The glands removed are those 
fined to the submandibular and submental are 
Tubular skin grafts cut from the frontal 
replace the lost tissue of the chin. 


Unilateral cancers of the cheek and floor of 
mouth are removed together with the appropriate 
half of the mandible and a complete block dis. 
section of the neck including the unilateral sterno 
cleido-mastoid muscle and internal jugular vein. 


Malignant melanomas of the chest or abdominal 
wall are treated by extensive skin removal; incisions 
extend from the clavicle to the apex of Scarpa’: 
triangle and the mass of tissue removed includes 
the axillary as well as the superficial inguinal lymph 
nodes. The pectoralis muscles are sacrificed. Ful 
thickness skin grafts cover deficiencies. 


Radical removal of the inguinal as well as the 
pelvic lymph glands in one piece involves the 
sacrifice of the inguinal ligament of Poupart and 
portion of the abdominal muscles in the area. The 
femoral and external iliac veins are removed. 
Poupart’s ligament is replaced by the sartorius 
muscle which is swung across to fill the gap. A 
large C-shaped pedicle skin flap is turned over the 
raw area from the opposite side of the abdominal 
wall. 


Nothing new is presented in the radical operations 
on stomach and pancreas. Complete pelvic vis- 
cerectomies with transplantation of ureters into 
the stump of descending colon are praised by the 
authors as a means of dealing with fixed and so- 
cailed inoperable growth of rectum, ureters, bladder 
and prostate. 


Carcinoma of the breast with involvement of 
the axillary lymph nodes which usually is regarded 
as incurable by the Halstead technique, is treated 
by the very radical interscapulo-mammo-thoraci 
amputation. 

This mutilating operation provides a means of 
very satisfactory removal of the axillary nodes 
but it seems doubtful whether the alleged four cures 
of five years in ten patients so operated upon, is 
sufficient justification for such a procedure. 

Hindquarter amputation is well described. Sir 
Gordon Gordon-Taylor’s results are quoted. 


The illustrations are mostly drawings by Jose 
Gonialves Filko. They are beautifully done, remi- 
niscent of Poirier and Charpey. There are a few 
photographs which are not of the standard o! the 
drawings. 


The book is not a treatise on the treatment o! 
cancer but it is a useful study in surgical anatomy. 
Many of the operations would be suitable anatomical 
exercises on the cadaver but it is not likely that 
they will find general use by Australian surg:ons. 
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Nevertheless, the book should find a place in 
departmental libraries and could profitably be 
consulted by surgeons undertaking the more radical 
procedures. 


SYSTEMIC OPHTHALMOLOGY. 


By ARNOLD SORSBY. London: Butterworth & Co. 
td., 1951. 10” x 64”, 750 pp., 309 illustrations, 
8 colour plates. Price: 115s. 6d. 


All with interests in medicine, neurology and 
ophthalmology, and therefore the surgeon, will 
welcome the appearance of this masterly work 
whic) covers in detail primary eye diseases and 
veneral diseases in which changes occur in the 
eye or related structures, in a manner not previously 
atten: pted, 

The contributors are of international repute and 
especially so in the subjects upon which they write 
in this volume. For instance, Alan C. Woods of 
Baltimore, writes on Ocular Tuberculosis, Phillips 
Thygeson of San Francisco, on Virus Diseases, S. P. 
Meadows of the Moorfields, Westminster and Central 
Eye Hospital, London, on Endocrine Disorders, and 
Charles Swan of Adelaide, on Virus Infections of 
Pregnancy. 

The book is well divided into six parts, part one 
for instance bringing together the pre-natal patho- 
genic influences on the eye, and part four present- 
ing those eye changes related to the central nervous 
system in disease. 

Both the letterpress and the illustrations reveal 
a selection of material that is both enlightened and 
directed to the heart of the matter pathologically 
and clinically; this is seen well in the section on 
exophthalmos in endocrine disorders, while the 
visual field losses are discussed in detail and in 
a clearer manner than is to be found elsewhere. 

In general the subject matter is supported by 
photographs of the pathological changes present. 
A few photographs have been seen in other books 
but the majority are new, from the best in the 
literature of both England and America. 

The breadth and authority of this work, together 
with its excellent presentation and production should 
ensure its wide recognition in all English speaking 
countries, 


AN ATLAS OF GENERAL AFFECTIONS OF THE 
SKELETON. 
By Sir THOMAS FAIRBANK, D.S.O., O.B.E., M.S., 
Hon. M.Ch.(Orth.), F.R.C.S. Edinburgh: E—. & S 
Livingstone Ltd., 1951. 103” x 7”, xx plus 411 pp., 
510 figures. Price: 55s. net. 


The appearance of this publication will be 
welcomed by all those interested in orthopaedics 
and in the pathology of bone. The general affec- 
tions of the skeleton comprise a group which has 
always constituted a problem not only to all 
students but indeed to teachers of the subject. 

The name of H. A. T. Fairbank has appeared 
above many original and informative articles on 
Various aspects of orthopaedics but prominently on 
the group referred to here, so that this volume will 
deservedly attract immediate atention. Sir Thomas 
Fairbank has indeed given us a wealth of infor- 
mation which will enlighten the student and regale 
the well-informed. Sir Thomas’s interest is shown 


in that he has been responsible for original des- 
criptions and names of some of the conditions such 
as Dysplasia epiphysialis punctata and Osteopathia 
striata. The book’s numerous illustrations justifi- 
ably suggested “the word Atlas in the title” and 
add much to the value of the book. 


A general grouping of the various conditions is 
given and this will be found valuable to the 
student. They are divided here into congenital 
developmental errors, acquired affections of un- 
known origin, errors of diet and metabolism, 
endocrine errors, infection or toxaemia, errors of 
haemapoietic and lymphatic systems and multiple 
neoplasms. In the present incomplete state of our 
knowledge satisfactory classifications are impossible 
and this one has the defects of many others that 
we encounter in that it does not have any real 
logical basis but is a conglomeration of time 
relations, aetiological factors and topographical 
groupings. 

The habit of previous generations of placing all 
imperfectly understood conditions into a class of 
congenital or developmental errors is continued here 
even though, as in Melorheostosis, “hereditary and 
familial influences play no part.” It is doubtful if 
the grouping together of conditions due to dietetic 
errors and errors of metabolism is useful; indeed 
it is probably misleading. However, the infor- 
mation is here and here is a provisional grouping 
and the reader presumably may rearrange the 
conditions as he desires. 


A minor omission from the large series of con- 
ditions described is the multiple type of Osteo- 
chondritis juvenilis (though mentioned en passant 
on page 91). This probably would not receive 
mention but that conditions less deserving of 
inclusion, such as multiple neoplasms, are given 
prominence. These last, of course, make the 
presentation much more and_ usefully compre- 
hensive. 

One statement regarding the pathology of bone 
requires comment since, in such an _ impressive 
production as this, students would be not un- 
justified in regarding them as being ex cathedra. 
“The removal of bone is now regarded as always 
due to the activity of osteoclasts” not only savours 
of a vitalistic view but can easily be appraised by 
direct observation. 


On the other hand the author appears to dis- 
agree with “most authors . . . (who) use the 
words osteoporosis, decalcification or rarefaction 
to describe subnormal density of the bones re- 
gardless of pathology.” A more definite pro- 
nouncement in this direction would have given 
an impetus to the advancement of bone pathology, 
particularly in relation to that of radiographic 
appearances. 


Most of the illustrations are in the form of re- 
production of X-ray films and are of uniformly 
excellent standard. These are all, however, in the 
“positive” instead of the “negative” form. 


The publication is extremely well produced on 
art paper; the print is distinct and the illustrations 
(including photomicrographs) are clearly repro- 
duced; there are satisfactory author and general 
indices. There is a small but adequate group of 
references to each chapter. 
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This presentation of these general diseases of 
bone in one volume is an important event in the 
orthopaedic world. Some of the chapters have 
appeared totally or in part in journals but their 
presentation here, together with much additional 
material, provide a volume which all serious 
students (of whatever vintage) should have on 
their shelves. 

The wealth of information presented by an 
acknowledged authority has provided the reviewer 
with a degree of pleasure that he feels should be 
enjoyed by Sir Thomas Fairbank’s “colleagues 
and friends in the medical profession” to whom 
he has dedicated this work. 


PRIMARY CARCINOMA OF THE LIVER. 


By CHARLES BERMAN, M.D., B.Ch. Rand. London: 
. K. Lewis and Co. Ltd. 10” x 7”, xviii plus 
164 pp., 17 tables, 83 figures. Price: 35s. net. 


In_ his Charles Berman has 
brought amount of infor- 
mation. 


monograph Dr. 
together an enormous 


To a wealth of material from 75 cases—as well 
as a study of the records of more than 700 cases 
in the Bantu—he has added statistics from all 
over the world in his tabulation of the geographical 
and racial incidence. Dr. Berman presents fully 
the clinical features of the condition and describes 
clearly the varied morbid anatomical features of 
primary carcinoma of the liver. 

Various factors in the aetiology are discussed 
anl the author’s association with Dr. J. Gillman is 
reflected in the full consideration of the role of 
diet and cirrhosis. The evidence derived from 
experimental cancer research is not neglected, and 
a restrained and balanced viewpoint is expressed 
in the summary. 

Many difficult points in the pathology are dis- 
cussed. Some pathologists may not .agree with 
Dr. Berman’s conclusion that primary carcinoma 
of the liver is uni-centric rather than multi-centric 
in origin, but others will rejoice that he has 
clearly seen that division into descriptive classifi- 
cations does not mean that “because a tumour 
assumes a particular pattern, it is necessarily de- 
rived from the tissue which it simulates.” There 
is little to criticize. Part of the chapters on dif- 
ferential diagnosis seems irrelevant. Ducts in Figs. 
56 and 57 appear rather well differentiated and may 
not be malignant. With few exceptions, the photo- 
micrographs are excellent, but some of the photo- 
graphs of specimens could be improved. Over 700 
references are given. This book is invaluable to 
anyone seeking information on any aspect of 
primary carcinoma of the liver. 


HANDBOOK OF OPERATIVE SURGERY OF THE STOMACH 
AND DUODENUM. 


By CLAUDE E. WELCH. Seren. U.S.A.: Year Book 
Publishers, Inc., 1951. 84’ 52”",, 349 pp., 79 
illustrations. Price: $8.50. 


“Handbook of Operative Surgery of the Stomach 
and Duodenum,” which deals with the standard 
operations of the stomach and duodenum, comes 
from the Massachusetts School of Surgery. It is 
written by Claude E. Welch, one of its associate 
visiting surgeons of that School. It reflects the 


THe AUSTRALIAN AND New ZEALAND JOURNAL OF SURGERY. 


particularly tha: of 


sound teaching of this School, 
dedicate- th: 


Arthur Allen, to whom the author 
book. 

The set-up of the book is unusual. On ac} 
right-hand page is a beautiful plate on which ar 
portrayed, by very clear simple line drawings thy 
steps of the various operations. On the left-hand 
page as you look at these is a lucid descriytion 
directly opposite each step. The young sur eon 
called on to perform an emergency operation can, 
in a flash, refresh his memory in regard to prin 
ciples and technique of these operations. 

The book has particular value in the clari 
its descriptions of the more complicated ga 
and duodenal operations, such as the trans-ga-tri 
approach to the stomach, operations in the vi: 
of the cardiac orifice and operations round 
pancreas, and operations for anastomotic ulcer 
gastro-colic fistula. 

The anatomy of the stomach and duodenum, the 
various abdominal incisions, the choice of operation 
in particular cases, are dealt with in rather a 
limited way. 
treatment; ambula 
and active—the first day after 
skin sutures are removed on thy 
cleventh day; retention sutures on the fourteenth: 
and the withdrawal of drains is started on the 
seventh post-operative day. 

It is a book which has been designed for the 
use of the junior hospital surgeon, but the student 
will find in it much which is useful to him. 

We commend the drawings. 


Commonsense post-operative 
tion — passive 


operation; but 


ORAL AND DENTAL DISEASES. 
By HUBERT H. STONES, M.D., M.D.S., F.D.S.R.C 
Second Edition. Edinburgh: E. and S Livingstor 
Ltd., 1951 84" x 6)", xix plus 1,012 pp 
illustrations, 91 in colour. Price: £5 stg. 


Although this volume has only reached _ its 
second edition it already has become a classic in 
British Dental and Medical Schools. The 
of dental and oral pathology is very wide and 
overlaps into the fields of general medicine and 
surgery and the various specialties. Clinical oral 
pathology therefore, constitutes a large portion of 
the subject now known in many Universities as 
Dental Medicine, and Professor Stones has quite 
rightly entitled his work “Oral and _ Dental 
Diseases.” 


9 


scope 


The subject matter is logically divided 
thirty-three chapters and the arrangement is 
that students can easily follow the fundamentals 
without being confused with unnecessary det. (ils. 
However, there are sufficient abstracts of cu: 
literature to make it an excellent reference vol 
for the dental and medical graduate and res: 
worker. A comprehensive bibliography is appe: 
to each chapter. 

The line illustrations, radiographs, plates, 
coloured photographs are all unusually well 
duced and the paper and printing are both of 
quality. 

The wide academic and clinical knowledge 
meticulous attention to detail of the author 
contributed to make this book one of the est 
dental publications in recent years. 
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